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PRESIDENTIAL ADDRESS * 

BY FRANK D. DICKSON, M.D., KANSAS CITY, MISSOURI 

Those who are familiar with the Presidential Addresses which were 
delivered before the American Orthopaedic Association during the first 
fifty years of its existence know that, while they were almost infinite in 
variety, the theme of each had a background of science, of history, or of 
philosophy. In the past two years, however, there has been a change in 
the character of these addresses; a new’ note has been sounded. This 
new' note has been one of questioning,-— questioning as to the attitude of 
the American Orthopaedic Association tow’ard the changing conditions 
which are rapidly developing in medicine, in its sociological aspects; ques- 
tioning as to the future position of the American Orthopaedic Association 
in the orthopaedic galaxy. The sounding of this new note is undoubtedly 
due to the rapidly changing social conditions under w'hich w’e are living 
today and changes in the pattern of orthopaedic surgery, the natural result 
of its grow’th and progress. This change in the theme of the Presidential 
Address seems significant. It indicates, I believe, that this Association 
has not become static and contented W’ith its years, but, on the contrary, 
is still quick, virile, and aw’are of the basic changes in medical practice and 
social conditions which are taking place, and alive to the new’ responsibil- 
ities which, in consequence, are being thrust upon it. Because, then, of 
the changing conditions within and without the specialty, it w’ould seem 
that, for the next few years at least, your President in his Address must 
needs forsake the pattern of the past and direct his remarks tow’ard placing 
before you the current problems and activities of the Association with such 
comments upon them as may suggest themselves to him. Stated in 
another way, the Presidential Address of today must be a sort of document 
upon the state of the Association. It is in line with this thought that 
I propose to discuss some of the problems winch seem to confront this 
organization, some of the things which have been accomplished during the 

*Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 8, 1940. 
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past year, and some things which, perhaps, still need doing, — all of these 
from the point of view of one who has for the past several years been in 
close contact with the concerns of the Association. 

First, as to the position of the American Orthopaedic Association 
toward the present-day trend in government, which is definitely in the 
direction of dispensing medical relief over a broader base and enlarging 
the field of the Public-Health Service. Unquestionably, the American 
Orthopaedic Association, as a responsible body, should keep in close 
touch with all agencies, state and national, which are attempting to better 
the care of the physically handicapped. The membership of this Associa- 
tion is made up largely of individuals whose years of service have provided 
them with a wide experience and have developed in them a mature judg- 
ment which admirably fits them to give practical and constructive advice 
as to the most effective method of dealing with social security and medical 
relief as related to the physically handicapped. This reservoir of informa- 
tion should at all times be available to those national and state organiza- 
tions interested in what has been termed "Beneficial Reforms", if they 
desire to avail themselves of it. Such guidance might perhaps help them 
avoid the pitfalls ever to be found in the pathway of progress, unless the 
road is well engineered and well marked. I know of no organization 
better fitted to engineer and mark this pathway than the American 
Orthopaedic Association. But the Association should do more than this. 
It should keep an alert eye upon all national proposals concerned with 
medical practice, for the implication cannot be avoided that whatever 
changes are brought about in medical practice in general will be reflected 
in the special branch of medical practice in which we are so deeply 
interested. A new social order is developing in our country. Medical 
practice has been swept into this movement and seems destined to undergo 
what may be fundamental changes. In view of this situation, it behooves 
all responsible medical groups to subject to close scrutiny all proposals 
for the reorganization of medical care on a national basis. We must 
not be guilty of taking an intransigent attitude, but this does not neces- 
sarily imply blind acceptance of every innovation proposed. Many 
alleged ‘‘Beneficial Reforms” put into effect under emotional stress or 
from political motives have resulted in lessening rather than in increasing 
social benefits and in chaos, where order and efficiency formerly prevailed. 
Let us be cooperative to the fullest extent with all governmental agencies, 
but at the same time let us insist that the quality of medical care must not 
be sacrificed for the sake of wider distribution of medical service. This, 
in its final analysis, means resistance with all the force we can muster 
to attempts to remove medical practice from professional control and to 
place it under bureaucratic control. This Association has a special com- 
mittee appointed to study the relationship of the American Orthopaedic 
Association to the various governmental agencies interested in the care of 
the physically handicapped. I should recommend that this committee 
be continued and that its activities be enlarged to include keeping in close 
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loud) with :ill national proposals direct ed toward bringing about changes 
in the form of medical practice in general. 

Recently there has been considerable discussion of the future relation- 
ship which is to prevail between the American Orthopaedic Association, 
the parent organization, and the younger organizations now in the field. 
The trend of the general discussion on this subject indicates that the role 
of the American Orthopaedic Association should be a dual one: that of 
correlating the activities of these other organizations and, in addition, of 
continuing to produce new ideas for the advancement of our specialty. 
After all, tl lese are not new activities. These have been the activities 
of the American Orthopaedic Association for the past fifty-three years. 
Certainly, if t his Association is to live and to continue to exert the influence 
it is entitled to wield on the basis of past accomplishments, its membership 
must be a progressive, active, and productive one— anything else would 
mean stagnation and death. That the American Orthopaedic Association 
has from its inception been the clearinghouse for and the court of final 
appeal on the value of orthopaedic procedures, I am sure, will not be 
denied. It has maintained this position because it has been conservative 
in thought and slow to put its seal of approval on any procedure until it 
has been tested by time and proved I)}' end results. Its role in this respect 
today is changed onIj r in that it must modernize its machinery for doing 
the job. It is obvious that with the mass of material produced today, 
when orthopaedic surgeons are numbered by the hundreds, a different 
machinery for analysis and evaluation is necessary than was required when 
less than a hundred men composed the productive group. This new 
machinery has been provided by the formation of a Research Committee. 
This Committee is charged with the responsibility of selecting, by a poll 
of the orthopaedic surgeons of the country, important topics to be in- 
vestigated, of selecting men to carry out such investigations, and of 
making each year a report on one of the topics being investigated. This 
Committee, availing itself of the nation-wide facilities which we hope will 
be placed at its disposal, should be able to bring up to date all known 
information on the subjects selected for study; and its report, after accept- 
ance by the Association, should represent an authoritative expression of 
your opinion on that subject at that time. Such reports should be ex- 
ceedingly valuable to all of us. It is very fitting that the first report of 
this Committee should have been one covering all of the orthopaedic 
problems at present under investigation. May I earnestly urge upon all 
of you the importance of cooperation with this Committee to the end that 
it may function effectively and that its reports shall reflect the widest 
possible distribution of opinion on any subject chosen for investigation. 
The scope of this Committee might well be enlarged along the lines sug- 
gested by its Chairman in his report. [See report in this Journal .] 

The Journal of Bone and Joint Surgery is the property of the American 
Orthopaedic Association. It is the only journal in the English language 
which is devoted exclusively to the publication of orthopaedic papers. 
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The Journal has been placed in a situation where it is receiving an increas- 
ing mass of material for publication, and it has responded to this demand 
in part by increasing its size. It has been suggested that the next logical 
step would be to issue The Journal monthly instead of quarterly. This 
would, however, add greatly to the cost of publication, and, before such a 
step could be taken, the Association must approve such action and provide 
for the additional cost. Also, it is quite doubtful whether sufficient mate- 
rial worthy of publication is being produced to warrant more frequent 
issues. The specialty of orthopaedic surgery may well be proud of the 
standards being maintained in its official journal; it would lose greatly in 
dignity if this standard were lowered by the publication of inferior 
material. It has also been suggested that the situation could result in the 
founding of a second journal devoted to orthopaedic surgery. This 
would, I believe, be an unfortunate move for two reasons: first, a desirable 
critical selection of the papers to be published is less possible in a journal 
with a looser and perhaps less discriminating editorial policy than in a 
journal controlled by a responsible organization through its editorial 
board; and, second, it is doubtful if there is a sufficient amount of suit- 
able material to fill another journal, especially since many papers on 
orthopaedic subjects are being published in journals of a more general 
character. 

There is a responsibility which rests upon the members of the Ameri- 
can Orthopaedic Association that I doubt has been appreciated in its true 
importance. I refer to the obligation which rests upon each of us to 
provide satisfactory training to the extent’ of his ability for those who wish 
to enter the field of orthopaedic surgery. The American Board of Ortho- 
paedic Surgery has set up certain standards which must be met by those 
who seek certification. If standards designed to maintain orthopaedic 
practice on a high level are to be set up, then it is obligatory upon the 
orthopaedic surgeons of this country to provide opportunity to acquire the 
training necessary to meet such standards. Members of the American 
Orthopaedic Association occupy the key positions of educational oppor- 
tunity, and it is only when these opportunities are made available that the 
aspirant for orthopaedic certification can receive adequate training. It 
should be the aim of every member of this Association to so order his clini- 
cal set-up that it may become a part of a broad educational scheme, which 
will provide a well-integrated course of training for those who desire to take 
the Board examinations and eventually to enter the orthopaedic field. 
This does not imply merely providing sufficient credits to be accepted by 
the American Medical Association or the American College of Surgeons as 
a training ground. To do this means only that here and there we shall 
have established isolated opportunities for training which will be accepta- 
ble as credit for one, two, or three years, as the case may be. There must 
be, in addition, a willingness to coordinate these one-year and two-year 
training opportunities with others, so that an acceptable three-year period 
of training may be available for every applicant for Board certification 
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who i- deserving of Mirli tioimng If is possible (hat you may bo called 
upon in (he near fuluie (o roopeiate with t he* American Board to this end. 

1 1 has been a 1 ime-honm ed i ijs ( om ( o hold ( he Annual Meeting of the 
American Orthopaedic Assoeialion in tin* home city of its President. 
1 his has not always been geographically the most satisfactory place to 
hold t he meeting, and at times ( he attendance has suffered in consequence. 
It has aNo been said that the time of tin* meeting, usually in Mayor June, 
conflicts with other meetings, such as those of the American Medical 
Association and the American Singled Association, and brings it too close 
to the Academy meeting in Januaiy. To overcome these objections, it 
has- been .suggested that the Association change its polic 3 r of convening in 
the home city of t he Pi evident and, instead, select a suitable and attractive 
resort and hold the meeting there at some time in the } r ear, probably in the 
fall, when fewer meetings are being held. This anangement would solve 
the geographical problem, avoid conflict with other conferences, make for 
a full attendance, and eiisuie an interesting and enjoyable meeting. 
Other societies comparable with our Association have done this suc- 
cpssfully. This' change in the time and place of meeting is one to which 
the Association might well give ^enous consideration. 

I have stated that this Address was to be a lepoit on the state of the 
Association, but it is impossible that it should be entirely so. One could 
not he clo«cly associated for t wenty years with the group of men who make 
up the American Orthopaedic Association without realizing that this 
Association is not merely an annual gathering together of individuals to 
road papers and to transact business. It is far more than this. It is and 
always lias boon a living force with an ideal as its soul. Carl Schurz has 
said: “Ideals are like the stars — we never reacli them, but like the 
mariners on the sea, we chart our course by them.” The ideal which has 
animated the American Orthopaedic Association is an imponderable force, 
which lias greatly influenced the dilection in which orthopaedic surgery 
has developed in this country for the past half century, and so is important. 

I shall, therefore, ask you to bear with me for a few moments while I 
attempt to put in words my conception of what this ideal is. This I have 
tried to do many times, but in vain, until I chanced to read Lin Yutang’s 
philosophical discussion on “The Chinese Family Ideal”. There I found 
expressed what I wished to say. 

In a general way, Lin Yutang said: “The Chinese family ideal is 
backed by a view of life which I may call The Stream of Life Theory, 
which makes immortality almost visible and touchable. In place of the 
individualism and nationalism of the West, there is a family ideal in 
which man is not regarded as an individual but as a member of a family 
and an essential part of the great stream of family life. Every grand- 
father, seeing his grandchild going to school, feels that truly he is living 
over again in the life of the child. His life is nothing but a section of the 
great family stream of life, flowing on forever. He is important only so 
far as he contributes to the family honor and glory.” 
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It occurs to me that in the American Orthopaedic Association we 
have somewhat of a counterpart of this stream-of-life ideal. The founders 
of this Association started a stream of life in orthopaedic surgery which 
has flowed on through fifty-three years and will flow on, we hope, for 
generations to come. These founders, as they grew older and saw new 
and younger members being added to the rolls, must have truly lived again 
in the achievements of these younger generations. They must have been 
filled with a sense of pride and satisfaction in seeing this new professional 
family which they had established growing in numbers and strength, as 
each new addition, through his contributions, added to its influence and 
importance. As the years have passed, I am sure that this stream-of-life 
ideal has continued to flow on in the American Orthopaedic Association, 
as each new generation has taken the place of an older one, which was 
happy indeed to hand over to vigorous youth, at the proper time, the 
responsibilities which it in its time had borne and to retire to the role of 
counselor and adviser. 

"With such a conception, it seems to me that one gets a lengthened 
outlook on the history of this organization and the manner in which it 
has been able to influence the development of the specialty of orthopaedic 
surgery through the five decades of its existence. Such a conception 
also enables us to envision what the influence of this Association may be 
on generations to come, for it gives it some of the qualities of immortality. 
The American Orthopaedic Association has had an honorable past and 
has faithfully discharged its obligations of directing the growth of a new 
specialty along the pathway of sincerity and service. As its stream of 
life flows on, it will, I am sure, continue to exert this same influence in the 
future, if each member will look upon himself not as an individual but as 
a branch of the orthopaedic family tree, growing upon its trunk and con- 
tributing by his very existence to its further growth and continuation. 

Changing times bring changing problems, and we of the older genera- 
tions view with some concern the problems for which you of the younger 
generations may be called upon to find the solutions. Changing times, 
however, do not change fundamental truths and fundamental standards. 
The honorable and unselfish precepts laid down by the founders of this 
Association for its guidance are just as sound and true today and will be 
tomorrow as they were yesterday. These precepts must be upheld and 
defended against all attempts at invasion, if this organization is to con- 
tinue in the purpose in which it was conceived, — namely, that of maintain- 
ing the specialty of orthopaedic surgery on a plane of truth, progress, and 
service. These standards are not, I believe, so inflexible that the demands 
of changing conditions cannot be met within their framework, but, if ad- 
justments and compromises are to be made without sacrificing principles, 
this Association must be strong and invulnerable. This, in turn, means 
that, as its stream of life flows on, it must live, as Lin Yutang puts it, “so 
as not to be a shame to its ancestors and to have sons of whom it need not 
be ashamed”. 
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I'HA( ’Triv’KS OF TffK NLVK OKTHK I-’K.M IK IX CHILDHOOD* 

in' JOHN ('. Wlt.-n\, .M.n . I.O.- \\(,| I.l.s, CALIFORNIA 

A review of (lie I'.ugli-h literature <,n tin- >-i 1 1 *_j(*<*( of fractures of the 
iieeh of the femur iii ehihlhoi <| ]e:i\e- one with (lie impression that they 
respond to the regular fnim- 01 t rcat incut a- do those in adults. No 
great numlier of eases i- tabulat'd. I>m in each instance the discussion 
concern 1 - chiefly the variou- ncihori- oi ireaiment, witli t lie conclusion 
that good functional reemerv is ihe rule \ -tudy of the author’s series 
of cu-e- give- rise to a somewhat diffTent \i<\\ 

dohatis-on. in 1027. puhh-hed hi- oli-eri at ion- on two patients, under 
twenty years of aim. in whom a-"piic nccro-i- of the femoral epiphysis 
followed fraet ure of t he cervical n< ck. Zm \ <rt ii. in 1 935, after gathering 
seven published ca-es and addit s four of In- own. stated that aseptic 
necrosis of the femoral head follow - fracture of the cervical neck in chil- 
dren in the proportion of four to ten. Nielsen, in 1938, reported three 
cases of Legg-Calve-Perf lies disea-c following fracture of the neck of the 
femur. The changes are explained by a vasomotor disturbance of the 
vessels supplying the femoral head. 

The incidence of this fracture is not great. There were two fractures 
of the neck of the femur in children among BOO fractures of the upper end 
of the femur treated at the Los Angeles General Hospital in the past 
ten years. Since August 1930, the author has seen ten such fractures in 
children, and tin; following study of the end results in these cases is pre- 
sented to point out the dangers which follow this injury and to suggest 
methods of treatment. 

iSV.r 

As would be expected, seven of the patients were males and three 
were females. 

Age 

Four were in the first decade of life and six were in the second. 
Etiology 

In 1935 a motion picture appeared which glorified the athletic youth 
by portraying a young man springing from one branch of a tree to another 
with the greatest of ease. Stimulated by this glamorous hero, two young 
men, who were less dextrous in the tree tops, sustained a fracture of the 
neck of the left femur. Seven suffered other forms of severe trauma, 
caused by falling forty feet from a cliff, falling from a horse, and being in 
an automobile accident. In only one case was the trauma slight. In 

* Read at the Annual Meeting of the American Academ 3 r of Orthopaedic Surgeons, 
Boston, Massachusetts, on January 25, 1940. 
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Fig. 1-A 


Case 3. January 24, 1932. Fractuie of the neck of the left femur in a boy, 
eleven veal’s of age, who fell fifty feet from a cliff. The fracture was leduced and 
the hip placed in a Whitman cast. The position could not be maintained without 
transfixion of the femoral shaft. 


1 


Tig. 1-B 

Case 3 April 12, 1932, three 

month' after injury. There is no 
evidence of repair, and the head i« 
den'C. 



Fig. 1-C 


Case 3. September S, 1932, eight 
months after injury. The fracture of 
the neck is healing. The circulation of 
the head is markedly disturbed. 
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Fir.. !-!) 

CVe 3. September l.'i, Hi:::., three y<*ju - :iti(I eight months after injury. The 
ft.-i'-tme i» healed ; the head L small, showing evidence of necrosis and rcvascu- 
kiriVutinn. 



Fig. 1-F 


Case 3. Lateral and anteroposterior views of left femur on November 29, 1939, 
nearly eight years after injury, reveal a distorted head and neck. The leg is 2 
centimeters short, and all movements of the hip are restricted. 
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Fig. 2-D 

Case 4. Februaiy 19, 1930, twenty-three months after injury, 
disturbance is more evident. 


The growth 
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Fig. 3-A Fig. 3-B 

Cnse o. August 14, 1935. Fracture at the base of the neck of the left femur with Case 5. September 4, 1935, after twenty days of 

some disturbance of the trochanteric epiphysis. This fracture was complicated by a fixation in a plaster spica. The position is satis- 

ractuie or both bones of the same leg, just below the knee joint. factory, and repair is in evidence. 
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Fig. 3-C 


Ca«e n. January 13, 1010, four and one-half years after injury. The fracture is 
well healed. The head shows evidence of disturbed circulation, and the neck is 
somewhat shorter and wider than that of the opposite femur. 

At the present time this boy has no shortening or limp. The left thigh is 4 
centimeters less in circumference than the right. Internal rotation of the thigh 
flexed to a right angle is slightly limited. This is a good functional result. 



Fig. 4-A Fig. 4-B 


Fie !~A : Case 8. December 13, 1037. Fracture of the neck of the left Femur in 
a bo\ , fifteen years of ace. 

I'ic 4-11: Case S. February 10, 193 s . After four weeks of traction, the bead 
v a> fixed with a Smith-Peter«en nail. The head of the femur is now beginning to 
slum evidence of a circulatory disturbance. 
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tliis c:im' the femora] Deck in a paralyzed extremity was fractured bjr a fall 
while the patient was walking across the floor. 

Pathology 

Six of the fractures occurred in the left femur and four in the right. 
In no instance was the fracture located near the head. They all occurred 
centrally or near the base of the neck. 

Trent nu nf 

Kighl of (he patients were treated l>3 r the so-called Whitman cast. 
In seven instances satisfactory reduction was not maintained. The 
slipping of (he fragments was discovered in one case early enough to 
allow correction and transfixion of the shaft of the femur by a pin, which 
was incorporated in the east. 

In one patient the femur was nailed, and, through no fault of the 
procedure, the case terminated unfortunately. An oblique subtrochan- 
teric osteotomy was done in one case in which the hip dislocated, because 
of muscle weakness following infantile paralysis. It was hoped that the 
osteotomy would stabilize the hip and facilitate healing of the fracture, 
both of which were accomplished. 

Mortality 

One patient died as a result of treatment. The child entered the 
Hospital ten months following the injury, with a non-union of the fracture 
after treatment by the cast method. An intramedullary bone-grafting 
operation was done, and the patient died from shock the same day. 

Results 

One of the nine remaining patients was injured only two months 
previous to this report, so that the outcome cannot be anticipated. Of the 
remaining eight patients, two have good functional results. 

COMMENT 

Many interesting points arise in the survey of these patients. The 
circulation of the femoral head has not been worked out as yet to the 
satisfaction of all investigators. Celia, after a series of experiments on 
animals, came to the conclusion that, while the vessels of the ligamentum 
teres play a part in the development of the femoral head, they are not 
essential, and their interruption does not alter its conformation. Nielsen, 
on the other hand, thinks that disturbance of the nerve supply to the 
vessels is the prime factor. Irrespective of cause, gross disturbance of 
joint mechanics usually follows. Such joints must show premature evi- 
dence of wear and tear, which is commonly called degenerative arthritis. 

CONCLUSIONS 

A study of this series of patients forces us to conclude that fractures 
of the neck of the femur in childhood are serious injuries. Maintenance of 
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reduction in the Whitman east is difficult. Perhaps a nail would be more 
effective, but, again, will it damage the epiphyseal plate? One should be 
alert to the fact that growth changes are to be expected. The disturb- 
ances in growth in this series of patients do not conform to the classic 
picture of Legg-Calve-Perthes disease. Oblique subtrochanteric oste- 
otomy is helpful in bringing a limited arc of motion into useful planes. 
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From the Sirin i rs' Hospital for Crippled Children, Greenville 


'1 lie purpose of tliis paper is (o call attention to a surgical technique 
in the treatment of congenital flat-foot, too severe for conservative 
therapy, which depends on a principle different from those being gen- 
erally ad vocated at the present time. By congenital flat-foot the 
author means the severely pronated and abducted long, narrow foot, 
lacking to a large extent the plantar concavity of a normal arch. The 
deformity is invariably bilateral, but is frccjuently much worse on one 
side. Symptoms ordinarily develop during the early adolescent period 
of rapid growth, when skeletal growth exceeds muscle development and 
where there usually has already existed some muscle atony. 

Beginning years ago in doing Hoke flat-foot stabilizations 4 in polio- 
myelitis eases, the author gradually replaced less and less of the excised 
astragalar head and finally noted that his results were better in those 
cases where nothing was replaced, and the inner border of the foot was 
shortened accordingly. This principle has been employed for some time 
by shoemakers in designing corrective shoes, as seen in the “swung-in” 
or “swung-out ” lasts. In the writer’s experience, these shoe modifica- 
tions have been most useful in what might be termed the convalescent 
treatment of club-foot and the conservative treatment of the milder forms 
of flat-foot. 

Dwight, over thirty years ago, in his classic book on “Variations of 
the Bones of the Hands and Feet’’, in discussing the shape of the as- 
tragalus stated: “It may be long and narrow or short and broad; the 
neck may diverge much or little from the axis of the body, the shape 
and inclination of the head are very uncertain. It can hardly be doubted 
that these variations must have an important influence on the shape of 
the foot and on its movements. But the genius who should work this 
out has not yet appeared.” The author makes no claim to being a genius, 
but it has long been apparent to him that in a case such as that shown in 
Figure 1-A, regardless of any muscle impairment or imbalance, it would 
be difficult to swing the navicular, with the part of the foot distal to it, 
around into its normal relation to the body of the astragalus without 
very materially shortening its neck or without generously removing the 
astragalonavicular joint as an alternative. 

Just as the writer feels that the excessive length of the astragalar 
neck explains a certain type of flat-foot, so does he think it possible that 

* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons 
Boston, Massachusetts, on January 24, 1940. 
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reduction in the Whitman cast is difficult. Perhaps a nail would be more 
effective, but. again, will it damage the epiphyseal plate? One should be 
alert to the fact that growth changes are to be expected. The disturb- 
ances in growth in this series of patients do not conform to the classic 
picture of Legg-Calve-Perthes disease. Oblique subtrochanteric oste- 
otomy is helpful in bringing a limited arc of motion into useful planes. 

REFERENCES 

Cella, C. : Sulla importanza del vasi del legamento rotondo nel processo di accreseimento 
della testa femorale. Chir. d. Org. di Movimento, XXII, 1, 1936. 

Johansson. Sven: Uber Epiphysennekrose bei gelieilten Collumfrakturen. Zentralbl. 
f. Chir.. LIY. 2214, 1927. 

Nielsen", B.: Calve-Perthes’ Disease after Fracture of Xeck of Femur in Young Persons 
and Its Significance for Understanding of Pathogenesis of Aseptic Xecroses of 
Epiphyses. Hospitalstid., LXXXI, 773, 193S. 
zvr Yep.th, Max: Sekundare Xekrose des Sehenkelkopfes naeh Schenkellialsbruehen 
Jugendlicher. Zentralbl. f. Chir.. LXII, 2549. 1935. 


THE JOURNAL OF RONT. ANT) JOINT FlTtGF.RV 



( -o x ( ; i: it.\ i . r i.a t- foot 


549 


the underdevelopment of the inner border of the foot can explain club- 
foot. In several instances he has felt certain that complete correction or 
overeorreetion. as it is inaccurately called, has been accomplished, and 
yet, in a few years, the varus deformity has recurred in spite of roent- 
genngraphie proof of the correction of the varus position of the navicular. 
It is admitted that tendencies toward shallow acetabula, club feet, 
supernumerary dipits, and other deformities arc inherited. AVli3 r is it 
not probable that lonp astrapalar necks are acquired in the same way? 

Most of the operations devised for the correction of these relaxed 
flat feet depend for their success on the production of an arthrodesis to 
establish a bone arch.** 7 If the arthrodesis fails, the correction is not 
maintained; even if it does not fail, the shape of the arch in the course of 
years will succumb to the forces that change the shape of all bones ac- 
cordinp to the stresses and strains applied to them. By the deliberate 
shorteninp of the inner border of the foot and the lengthening of the 
outer border, the author has proved to his own satisfaction that the cor- 
rection is much more positive and lasting than is that effected by the 
simple arthrodeses, regardless of the number of joints included. The 
"buckling’’ — for such it really is — of the inside of the foot results in a 
correction, at least in the writer’s hands, that is much surer and more 
permanent than is secured by the other procedures. 

There is no denying that the various arthrodesing operations, com- 
bined usually with some sort of transarticular bone-grafting, accomplish 
a certain amount of shortening, but that valuable part of the procedure is 
not stressed. Miller, in describing his technique, does make mention of 
the fact that: "In cases of long standing the head and neck of the astrag- 
alus have grown appreciably longer and the point of the scaphoid is 
hypertrophied on its inner aspect. In such a case (though such cases are 
not so frequently seen) one can shorten the neck of the astragalus by 
taking out a section with the osteotome.” Aside from this quotation, 
the author has been unable to find, in a survey of the leading articles on 
the surgical correction of fiat-foot, any publication that calls particular 
attention to the discrepancy in the length of the inner and outer borders. 

To be sure, there are many cases of generalized muscle atony that 
result in severe pronation, but the writer is certain that there frequently 
exists this fundamental anatomical defect in the shape of the bones that 
can be responsible for foot imbalance and which, when corrected, allows 
the tibial group of muscles to function in a more normal way. 

Attention may be called to the fact that shortening the inner border 
of the foot very well corrects the valgus of the forefoot, but it does not 
take care of the calcaneal valgus. The explanation of this lies in the fact 
that, in addition to the mechanical disadvantage which is imposed on the 
tibial muscle group by this long inner border, regardless of their actual 
tone or strength, the elongation pushes the forefoot into a valgus position 
and must necessarily react on the cuboid and thence on the calcaneum 
to cause a valgus there. 
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The operation advocated in this paper has been evolved gradually 
and consists in the removal of a wedge of bone from the astragalar neck. 
Because of the length of the neck, this is relatively easily done and can 
usually be accomplished without encroaching upon the anterior sub- 
astragalar articular surface. 

Through a two-inch longitudinal medial incision, centered over the 
astragalar neck, a transverse osteotomy is done completely across that 
bone where the body and neck join, — that is, just anterior to the superior 
articular surface of the astragalus above and the anterior articulating 
surface of the subastragalar joint below. It is suggested that an articu- 
lated skeleton of a foot be examined before the operation is attempted, so 
that the relationships may be full}’’ appreciated. It will be seen immedi- 
ately how well the architecture of the astragalus and the calcaneum lends 
itself to this remodeling procedure and how accurate^ the wedge removed 
from the medial aspect of the astragalus fits the opening made by the 
osteotomy on the lateral surface of the calcaneum. The tendon of the 
tibialis posterior is usually encountered and can be easily retracted 
downward. 

Another transverse osteotomy is then done, usually three-eighths to 
one-half an inch anterior and parallel on the surface to the first, but 
directed posteriorly, so as to intersect the first osteotomy about in the 
middle of the foot from one-quarter to one-half an inch lateral to the 
medial extremity of the first osteotomy. This sounds rather complicated, 
but the reason for it can be seen in the accompanying diagram (Fig. 2). 
The purpose of the operation is to shorten the inner and to lengthen the 
outer border of the foot. To ensure proper closure of the wedge-shaped 
opening made by the removal of the cuneiform fragment produced by the 
two osteotomies, the forefoot and anterior tarsus are swung medially in 
a varus position, the center of motion being a vertical axis coinciding 
with the intersection of the two osteotomies. 

Care must be taken to clean the angle clear to its depth, so that 
complete closure may occur after the calcaneum is transversely osteo- 
tomized about a quarter of an inch posterior to the calcaneocuboid joint 
and just about in the same plane but lateral to and below the site of the 
first astragalar osteotomy on the medial side of the foot. This osteotomy 
passes through the bone on the medial aspect just anterior to the point 
where the sustentaculum tali projects medially beneath the astragalus. 
This transverse calcaneal osteotomy allows an open wedge to appear 
when the astragalar wedge is closed at the time the forefoot is swung in. 
This opening is then filled accurately with the bone wedge removed from 
the astragalus, trimming only being necessary laterally to make it flush 
with the surface of the calcaneum. 

If more correction is desired because of the inaccessibility of the 
astragalar neck, the overhanging navicular tuberosity may be chiseled 
off. and a wedge, ranging up to twice the width at the base, may be ex- 
cised. If this happens to include the proximal insertion of the tendon 
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I'ig. 2 

Tracing of roentgenogram of a severely pronated foot suitable for surgical 
correction. Dotted outline shows position of “forefoot ” after closure of wedge 
removed from nstragalar neck, which is inserted into the opening made by the 
calcaneal osteotomy. The transverse osteotomy must be carried all the way 
across the nstragalar neck, and the anterior one to complete the wedge must be 
directed toward the “center” of the foot at this point (“center of rotation” in 
the tracing). 


of the tibialis posterior, it makes no difference, as this tendon attaches 
itself again to the exposed cancellous bone. Usually, however, this in- 
sertion is well underneath and is not disturbed. 

Both wounds are closed in layers, and a plaster-of-Paris cast is applied 
from just below the knee to the ends of the toes with the forefoot in as 
much varus as can be easily obtained and in slight equinus. 

If there is any possibility that the heel cord may be short, it should 
be lengthened as a preliminary step. The author has found it necessary 
to do this in about half the cases. 

The plaster is allowed to remain on two months, and some type of 
"swung-in” shoe, with a one-eighth-inch extra wedge on the inside edge 
of the heel, is worn for the first six months. Exercises directed toward 
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mobilizing the foot and strengthening the tibial group of muscles are 
started immediately after the removal of the cast. 

If this procedure is followed out the important shock-absorbing 
mediotarsal joint is preserved, which results in a more normal foot. 
More normal growth will occur as the osteogenic cells immediately be- 
hind the articular cartilage are left undisturbed in both bones. Inciden- 
tally, the author feels sure that the distressing varus which occasionally 
develops in feet stabilized according to the Hoke technique results from 
the cessation of growth at the site of the astragalonavicular arthrodesis in 
those cases where care has not been taken to arthrodese the calcaneo- 
cuboid joint, which would arrest growth there as well. 

In the sixth edition of Whitman’s "Orthopedic Surgery", Perthes' 
operation for this condition is described, in which a section of bone is 
removed from the navicular and the anterior portion of the calcaneum is 
lengthened. The author has tried this a few times, but he always feels 
that he cannot get enough correction without removing practically the 
entire bone. The illustration given in Whitman’s textbook is most mis- 
leading, as it shows in the lateral diagram an astragalus without a head ; 
the navicular really occupies the place of the head and neck of the astrag- 
alus. Therefore, as it is erroneously pictured, Perthes’ operation prac- 
tically amounts to the technique which the writer is advocating. The 
author feels also that the fault is not in the navicular but in the astragalar 
neck, and so why not make the correction there where there is adequate 
room and where the valgus really begins? In addition to the structural 
correction of the forefoot valgus the shortening of the astragalar neck 
gives to the tibialis posterior, the first insertion of which is to the under 
side of the tuberosity of the navicular, a more direct pull and adds a 
definite amount to its value as an "arch supporter". 

The principal error which the author has made in carrying out the 
technique being discussed is that he has not removed sufficient bone for 
adequate correction, and, if one uses only the navicular, the temptation 
to do an inadequate operation is all the greater. 

The common occurrence of enlarged navicular tuberosities, whether 
or not the prehallux or the accessory navicular is present, the author 
believes is more than a coincidence and is a strong argument in favor of 
the condition’s being primarily a bone defect rather than a muscle im- 
balance. To be sure, the muscle imbalance is present, but the writer 
feels that, in the particular type of case under discussion, if the bone 
deformity is corrected proximal to the insertion of the tibialis posterior, 
as has been stated, the muscle balance can be more easily restored by 
training. In these cases the author has frequent^, blit not invariably, 
excised the overhanging portion of the navicular, including the accessory 
bone, if present. Various authors, particularly Kidner, have called 
attention to the value of simply removing the surplus navicular material 
on the medial aspect in the correction of a pronated foot, where the fore- 
foot is held in valgus because of its infringing on the medial malleolus. 
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Only eighteen of these flat-foot operat ions have been done accord- 
ing <o the technique described, but many more with a somewhat similar 
technique have been performed where the astragalonavicular joint has 
been sacrificed. In all but four of these, it is significant to note that 
the pronounced overhanging of the tuberosity of the navicular has been 
present . associated in nine instances with a supplementary or “accessory” 
navicular. Dwight gives the frequency of this supernumerary bone as 
10 per cent.; Pfitzner. as 11 to 12 per cent.; and Geist, in his investigation 
of 100 normal individuals, as 14 per cent. 

The first patient in this series was operated upon four years ago, and 
all but six have been operated upon over a year; the last four had bilateral 
deformity and have only recent ly been operated upon. In seven patients 
the operation was done bilaterally, although considerable pronation was 
noted in the unoperated feet of the other four patients. 

Objectively, a satisfactory amount of correction was noted with one 
exception, in which case a severe amount of deformity was recorded at the 
start. Both operations in the bilateral cases were done at the same “sit- 
ting” in all but one instance, when an insufficient amount of deformity 
was considered to be present on one side. In this case the second op- 
eration was done subsequently at the patient’s request. 

No unsatisfactory results were reported, with the one exception 
noted, and the chief complaint was the persistence of discomfort of a 
varying extent, referable to the medial half of the mediotarsal joint, and 
gradually becoming loss. 

The condition under discussion should, the author feels, be cared for 
conservatively and the suggested operation should not be done before the 
early “teens”, as the deformity frequently is not well established prior 
to that age. This fact strongly indicates that the deformity is the result 
of a growth disturbance of some kind, — possibly the reverse mechanism 
of that causing club-foot. Also, as in routine foot stabilizations, the oper- 
ation can be done much more satisfactorily if there is present a minimum 
amount of pre-osseous cartilage. 

The advantages of this operation may be briefly summarized as 
follows: 

1. The correction of the valgus deformity is accomplished without 
disturbing to any serious extent any articulation. 

2. Subsequent growth is impaired to a minimum extent, as the 
osteotomies are well away from the growing articular surfaces. 

3. The simplicity of the procedure, after it has been thoroughly un- 
derstood, permits its being easily performed even by the less-experienced 
surgeon. 

4. The relatively painless and uncomplicated convalescence favor- 
ably impresses the patient. 

In conclusion, the author wishes to state that he is emphasizing in 
this paper the mechanical advantage of “warping up” or “buckling” the 
inner and under border of the foot by a safe, natural surgical approach 
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in the more radical treatment of those cases of what is commonly known 
as congenital flat-foot. 
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JOINT 


HV rUKDUHirK li. THOM I’SOX, M.D., SC’.I). (MHI).), XIIW YORK, N. V., AND 
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It is necessary a( times lo consider arthrodesis of t ho first metatarso- 
phalangeal joint. When this is contemplated, two main problems arise: 

1. What is the optimum position for fusion? 

2. How can this position best be obtained? 

OPTIMUM POSITION 

When one seeks the optimum position for fusion of the great toe, it 
is important to know whether or not the toe should be placed at an angle 
which will aid in the "take-off” at tiie end of the walking phase. 

It is felt by some surgeons that the great toe plays a definite role in 
the formation of a smooth gait, especially during the take-off at the end 
of the walking phase. They feel that the removal of this toe leads to a 
certain hesitancy in motion. On the other hand, it has been the 
experience of this Clinic that the gait is essentially normal after amputa- 
tion of the great toe, that it is synchronous, and that the loss of the toe 
does not trouble the patient. It has also been the experience in this 
Hospital that in many cases of claw-foot and severe hallux valgus, in 
which the great toe never touches the floor, the gait is not affected ma- 
terially by the loss of the propulsive action which this toe gives to the foot. 

It is believed, therefore, that, when arthrodesis of the first metatarso- 
phalangeal joint is performed, a position of the great toe should be chosen 
which does not subject it to much strain at the end of the take-off during 
the normal walking phase. Were the toe to be fused in such a position 
that it received a full-weight thrust, it is conceivable that enough strain 
would be placed on the distal phalanx through the interphalangeal joint 
to produce a traumatic osteo-arthritis. Actually, in our series of 
fourteen cases, one patient had definite pain at this joint, due to this 
cause. Another patient showed a hypermobility of the distal joint with 
30 degrees of extension beyond normal limits. 

A satisfactory position for the arthrodesis of the first metatarsopha- 
langeal joint was found in two patients in whom a spontaneous fusion of 
unknown cause had developed. The position of one of these toes, which 
was believed to be the result of a congenital fusion, was at 25 degrees of 
dorsal extension on the metatarsal shaft. The angle which it formed 
with the ground is not known, since a roentgenogram with the patient 
standing was not taken. No lateral roentgenogram is available of the 
other spontaneous fusion, so that it is not known at what position it was 
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t patients is considered satisfactory because 1 1 1 c*y have no symptoms 
referable’ to (lie great toes. 

MI.TIIOI) or OHTAIXIXG Ol’TIMI’M POSITION 

If the tenet is accepted that the fused great toe should be placed in 
a position which will not produce undue strain during the walking phase, 
then the optimum position will vary in men and in women. This is due 
to the difference in the height of the heel of the shoes in the two sexes. 
A man’s shoe has a heel varying in height from one to one and one- 
quarter inches. A reasonably fashionable woman’s shoe has a heel 
height which varies from two to two and one-half inches. This variation 
in the heel height causes the first metatarsal shaft to form different angles 
with the planes of the ground. In a man the angle that the first meta- 
tarsal shaft forms with the ground may be 15 degrees, while in a woman it 
may measure 35 degrees. 



Fig. 2 


Same case as in Fig. 1-A. Postoperative view of foot with the patient 
standing and without the shoe. Note position of great toe. 

From a roentgenographic study of feet in shoes, we have estimated 
that the great toe should be fused in a position of at least 15 degrees of 
dorsal extension from the plane of the ground in order to prevent undue 
strain on the distal joint at the end of the walking phase. In the case of 
a man, if the preoperative lateral roentgenogram, taken with the patient 
standing and with shoes on, shows that the first-metatarsal shaft forms an 
angle of 15 degrees with the ground, then the optimum position for arthrod- 
esis for that particular individual is 30 degrees (15 degrees plus 15 degrees) 
on the first-metatarsal shaft. Similarly, in the case of a woman, if the 
preoperative lateral roentgenogram, taken with the patient standing and 
with shoes on, shows that the metatarsal shaft forms an angle of 35 
degrees with the ground, then the optimum position for fusion is 50 
degrees (35 degrees plus 15 degrees) on the first-metatarsal shaft. 
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This position will be comfortable when the patient wears the usual 
type of shoe. There is no rubbing of the tip of the toe against the box 
of the shoe. No patient in our series had symptoms caused by too much 
extension of the toe on the metatarsal shaft, while one patient did have 
pain from not enough extension. 

Figures 1-A and 2 show the method of obtaining roentgenograms with 
the patient standing with and without the shoe. Figure 1-B illustrates 
the method of measurement of the angle formed with the ground. This 
particular patient was a woman whose toe was fused at an angle of 70 
degrees. There were no symptoms following the fusion. 

We advocate this simple method of computation of the optimum 
angle, because arthrodesis of this joint usually occurs in the same position 
at which the toe is placed at operation. 

INDICATIONS FOR ARTHRODESIS 

In this Hospital arthrodesis of the first metatarsophalangeal joint 
has been performed for the following conditions: 

1. Tuberculosis. 

2. Poliomyelitis, in which a marked hallux flexus with accompany- 
ing first-metatarsal “cock-up” has been present. 

3. Hallux valgus, if the great toe has been dislocated, or if pain has 
been marked following transverse resection of the first-metatarsal head. 

4. Hallux rigidus. 


TECHNIQUE 

A tourniquet is used to provide a bloodless field, and the first meta- 
tarsophalangeal joint is exposed by a dorsal longitudinal incision. The 
articular cartilage is removed; the raw bone surfaces are fish-scaled; and 
care is taken to obtain good bone contact of the fragments at the estimated 
optimum position. A bone key, reinforced with bone chips, is inlaid 
across the joint. In cases of tuberculosis all diseased areas are curetted, 
and the defect is packed with bone chips taken from the metatarsal shaft. 
The wound is closed, and a short plaster boot is applied. 

Lateral and anteroposterior roentgenograms are taken after opera- 
tion to check optimum position, alignment, and contact. If the position 
is not correct, the toe is wedged on the tenth day. The cast is then left 
on for eight weeks. If the fusion is considered solid, an arch support is 
supplied, and the patient is allowed to walk. 

CONCLUSIONS 

1. The propulsive action of the great toe is not essential for normal 

gait. 

2. From a study of fourteen cases in which the first metatarso- 
phalangeal joint was fused, the optimum position for arthrodesis of the 
great toe has boon determined as not less than 15 degrees from the plane 
of the ground with the shoes on. 
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('<>»M'i’vativ<* treatment of fracture'' involving the libial plateau often 
doc< not yield a ."at i-factorv roMilt. Genu \nlgum, lateral instability, 
limited motion, and painful knees with chronic synovitis represent the 
types of disability in many knees so treated. 

It is the purpose of this paper to show that the extent of the injury 
cannot always be determined by roontgenographic or clinical examina- 
tion. that often the meniscus i" irreparably damaged, that more often than 
not the bone and articular cartilage are comminuted to the extent that 
extra-articular manipulation will not suffice for reduction, and that, there- 
fore. intra-art icttlar exposure is necessary. 

It is generally conceded that these fractures are caused by an external 
force, this force being an abduction of the tibia on the femur, the result of 
a blow from the side by a forceful agent, usually an automobile; hence the 
name “bumper" or “fender” fracture, so well described by Cotton and 
Berg in 1020. When the knee joint is fully extended, the condyles of the 
femur are fitted snugly into the articular facets of the tibial plateau, and 
the ligaments, tendons, and fasciae surrounding it serve as a protective 
mechanism for weight-bearing and stability. It is obvious that this 
mechanism must give way before an overwhelming force. It is equally 
obvious that if the protective ligaments, muscles, and fasciae yield from a 
sudden overpowering stress, bone injury will not occur often, inasmuch as 
the resultant instability of the knee as a whole prevents the action of the 
necessary fulcrum, the lateral femoral condyle. If, on the other hand, 
ligamentous supportive structures resist the injuring force, grinding of the 
condyle of the femur into the lateral plateau of the tibia takes place, and 
either a splitting longitudinal or oblique fracture or a comminuted com- 
pressed fracture involving the tibial plateau results. It is inconceivable 
that in many such injuries the lateral meniscus should not be damaged. 

As stated by Haldeman, “In man, articular cartilage has no power of 
regeneration, and the metaplasia of connective tissue into cartilage is 
rarely seen. Such metaplasia is more apt to result from a severe injury, 
with an accompanying destruction of subchondral bone, than it is to 
occur following injuries which involve the cartilage alone”. 

The bone pathology is described by Lee in his article on “Fractures 
of the Tuberosities of the Tibia”, and he cites the studies of Barbilian on 
architectural structure and the disposition of bone trabeculae. In a 
sagittal section the trabeculae are separated into two systems — an anterior 
and a posterior system — which cross each other in an arch formation. 

* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons 
Boston, Massachusetts, on January 25, 1940. 
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The trabeculae always cross each other perpendicularly. This arrange- 
ment of the arches of the trabeculae, which become more horizontal as 
they approach the articular surface, accounts for the direction of the line 
of fracture. In frontal section each condyle has a separate set, arranged 
perpendicular to the joint surface. The more remote the line of fracture 
from the articular surface, the more vertical it will be. In cases resulting 
from direct massive force there is no particular pattern of fracture; it will 
vary with the degree and duration of the force applied. These theoretical 
statements are proved to be true by practical observation of injuries sus- 
tained in the manner described. 

There is comminution of the lateral tibial plateau with depression of 
the articular cartilage. Occasionally a linear fracture with depression 
occurs. There may be tearing, crushing, and displacement of the lateral 
meniscus. Tears of the lateral ligament with fracture are unusual. Of- 
ten there is a fracture involving the head of the fibula with disturbance in 
its relationship to the tibia. Occasionally injury to the external peroneal 
nerve has been reported but it has not been observed in the authors’ series. 

On examination, sometimes there maj r be seen a localized ecchymosis, 
the result of the injuring force. The knee is greatly swollen and ex- 
quisitely sensitive to pressure over the anterior half of the lateral tibial 
condyle. Lateral passive motion is painful, as is rotation of the tibia 
on the femur. The knee is limited in flexion and in extension, not so 
much by pain as bj r the hemarthrosis. The roentgenogram may 

give a deceptive pic- 
ture of the total 
amount of damage. 
For example, it is the 
usual observation 
that the comminuted 
fracture rarely in- 
volves the entire con- 
dyle and, therefore, 
in the anteroposterior 
projections the pos- 
terior rim of the lat- 
eral condyle casts a 
shadow, which may 
obscure the degree of 
depression of the an- 
terior aspect of the 
lateral plateau. For 
the same reason, a 
lateral film will show 
a normal shadow cast 
bj' the medial cond>'- 

Exjx^ure of injured hone and meniscus. lar plateau. How- 
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(’ v c‘ r , comm i mi ( inn 
beneath (lie articular car- 
tilage is well depicted. 

Those fractures falling 
into the vertical and ob- 
lique linear groups wit h a 
single large fragment are 
readily determined. The 
difficulty of estimating 
the amount of depression, 
and, therefore, of reaching 
the proper conclusions on 
the degree of injury to the 
meniscus is the rationale 
for a more radical treat- 
ment than is generally 
accepted. 

For the reasons mentioned, operation has been advised in many cases. 
To wait longer than the period necessary to determine the amount of 
serious circulatory damage is unwise. The approach is made through 
an incision over the lateral aspect of the knee, anterior to the head of the 
fibula, and of such length that the joint may be thoroughly inspected 
(Fig. 1). The comminution of the articular cartilage with dissolution of 
the spongy bone below is a constant picture. The lateral meniscus fre- 
quently reveals tearing, crushing, and displacement. The joint is thor- 
oughlv washed to remove blood clots and other debris. The lateral 
meniscus is then excised in lolo. The fragmented articular cartilage is 
gently teased upward by means of a periosteal elevator. This procedure 
should be done from the upper or joint-surface aspect, so that evenness of 
the plateau may be assured (Fig. 2). This step accomplished, the spongy 
bone beneath should be packed and compressed by instruments until the 
plateau is firmly molded against the lateral femoral condyle. Closure, 
with reefing of the capsule if desired, is then done in the usual manner, 
and a plaster cast is applied from the toes to the groin, with the knee in a 
position of from 10 to 15 degrees of flexion. 

Cases presenting a single major fragment with an oblique or vertical 
fracture are usually treated in a like manner, but often a transfixing screw 
is needed for better immobilization. Insertion of the screw is readily 
accomplished through the same incision. Whenever desired, a flanged 
bone clamp may be applied for the purpose of closer approximation prior 
to the insertion of the screw. 

The period of immobilization has varied, but it is the opinion of the 
writers that long fixation is unnecessary. Motion in from four to six 
weeks seems desirable after experiencing difficulty in securing flexion in 
those earlier cases in which longer periods of splinting obtained. The use 
of counterbalanced suspension slings has been most helpful in initiating 



Demonstrating approach from above and within the 
joint. 
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c':uly painless motion. \\ -l»c*:irin^ on the injured knee* should not be 
permitted for three months. At tin’s time sufiieienl power in the quad- 
riceps muscle will have been developed (oest ablish good stability in the knee. 

This paper is lue-ed on a study of twenty-three cases (Table I). Of 
these, fifteen, or 65 per cent., wore due to direct violence from automo- 
biles. and eight, or 35 per cent., wore due to some type of fall. Sixteen, 
or 70 per cent., were treated by open reduction; seven, or 30 per cent., 
were t rented by closed reduet ion and a east . Oft he cases treated by open 
reduction, removal of a meniscus was necessaiy in twelve, or 75 per cent. 
In this group, the medial meniscus was removed in one case, as compared 
to excision of the lateral meniscus in eleven cases. There was no case in 
which both menisci were removed. On inspection of the articular sur- 
faces. the cruciate ligaments were intact in every case. Of the sixteen 
open reductions, some form of internal metal fixation was required in four, 
or 25 per cent. It was possible to follow and to study eighteen cases from 
five weeks to four years. In these cases the average time elapsing before 
weight-bearing was allowed was thirteen weeks. 

Of the sixteen cases treated by open reduction, good functional re- 
sults were obtained in nine, or 56 per cent.; these patients had active 
flexion lnyond a right angle, complete extension, and normal stability. 
In one of these cases treatment resulted in moderate genu valgum, but 
with good function. In two cases fair functional results were obtained: 
one patient had limitation of flexion to SO degrees, and the other lacked 15 
degrees of complete extension; both have good stability and are able to be 
active and to perform all but strenuous activities. Two of the patients 
have been operated upon too recently to permit the drawing of final 
conclusions. However, in these two cases, at five and seven weeks re- 
spect ively, from 15 to 20 degrees of active and passive motion is possible, 
while the lateral stability appears normal. In three cases we were unable 
to obtain any follow-up examination, but at the time of discharge the 
results were recorded as being satisfactory. 

Of the seven patients treated by closed reduction, two, or 29 per cent, 
had normal functioning knees, and three, or 43 per cent., had limited 
motion, instability, and pain on use. Two others did not return for treat- 
ment or study. 


ILLUSTRATIVE CASES 

Case 9. It. W., colored male, aged thirty-six years, was admitted to the hospital on 
March 18, 1937, following injury to the left knee, caused by an automobile. There was 
swelling, and any attempt at motion was very painful. At operation, the lateral menis- 
cus was excised. The entire extremity was immobilized in a complete circular plaster 
cast from the groin to the toes inclusive. On April 2, 1937, the patient was allowed up in 
a chair, and on April 3, 1937, began walking with the aid of crutches. 

Case 11. J. W., white male, aged forty-six years, injured the left knee in an auto- 
mobile accident on January 31, 1937. The usual signs of swelling, discoloration, and 
painful motion were present. On February 6, 1937, at open reduction, the lateral 
meniscus was excised. The entire extremity was immobilized in a complete circular 
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TABLE I 

Summary of Twenty-Three Cases of Fracture of the Tibial Plateau 


Case | 

1 

Name 

: 

Sex 

Age 

(Years) 

Etiology 

Reduction 

Meniscus 

Removed 

Fixation 

i ! 

F. W. B. 

Male 

3S 

Struck by 
automobile 

Open 


Cast 

2 i 

M. X. 

Female 

48 

Automobile 

accident 

Open (2) 


Screw and cast 




41 

Fall in auto- 
mobile and 
street-car 
collision 

Open 


Screw and cast 



Male 

3G 

Fall 

Open 

Lateral 

Steinmann pin 
and cast 

5 

E. D. A. 

: 

Female 

51 

Struck by 
automobile 

Open (2; 

Medial 

Cast 

G 

1 

j. c. ; 

Female 

i 

35 

Struck by 
automobile 

Open 

Lateral 

Cast 

■ 





Open 

Lateral 

Cast 

s 

a. t. : 

1 Female 

53 

Fall 

Open 

Lateral 

Cast 

9 

i R. w. 

i 

j Male 

1 

3G 

Struck by 
automobile 

Open 

Lateral 

Cast 




53 

Struck by 
automobile 

Open 


Cast 





Struck by 
automobile 

Open 

Lateral 

Cast 

12 

M. K. 

i Female 

[ 

54 

Struck by 
automobile 

Open 

Lateral (lateral 
ligament re- 
paired) 

Cast 

13 

E. J. F. 

1 Female 

1 

GO 

Struck by 
automobile 

Open (disloca- 
tion of pa- 
tella) 

Lateral (lateral 
ligament re- 
paired) 

Cast 

1-1 

E. M. 

Female 

| 30 

1 

j Struck by 
automobile 

i 

Open 

Lateral 

Cast 

13 

C. V. 

Male j 

45 

Fall 

1 

Open 

Lateral 

Cast 

10 

.1. K. 

Male 

33 

Fall 

i 

Open 


Screw and cast 

17 

E. K. 

Female 

l 

54 

Fall in auto- j 
mobile , 

Closed (refused 
operation) 


Cast 

IS 

■ R.E.A. 

Male 

57 

Fall 1 

i 

i 

Closed 


Cast 

19 

i E D.O 

i 

1 

i ____ 

Male i 

5G | 

( 

Struck by 
automobile 

Closed 


Cast 

20 

• H. A. 

1 

1 

Male J 

i 

31 

Struck by 
automobile 

Closed 


Cast 

21 

i C». B. 

i 

Female 

1 

i 

35 

t 

i 

i 

Struck by 
automobile 

Closed 


Cast 

22 

j F.P. 

s 

Female 

t 

G4 ! 

1 

5 

Struck by ' 

automobile i 

Closed j 

i 


Cast 

23 

' H. R. 

1 

Male 

J 

« j 
1 

Fall , 

i 

Closed (refused , 
operation) j 


Cast 
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TABLE I — (('oiitmtial) 

St'MMAio or I wt.sta 'T illin', ('asks or FnAnruK or tut: Tiiiiak Platkau 


Period before 
Weight- 
Bearing 

1 

Remarks 

Follow-lp 

Follow -Fp Examination 

Functic 

Period 

1 

Flexion 

Extension 

Stability 

Resul 

2 weeks 


d months 

j Lacks 15° 

i 

Normal 

1 

Normal 

Good 

1 weeks j 

Screw removed in 

S weeks 

2 years 

I 

! iio° 

1 

, Normal 

Normal 

Good 

0 weeks i 

j 

Screw not removed 

■1 years 

110’ 

Normal 

Normal 

Good 

12 weeks 

i 

Pm removed in S 
weeks 

3 1 years 

Normal 

Normal 

Normal 

Good 

?2 weeks 

Hot timed to work 
as auditor 

Id months ( 

( so° 

1 

Lacks 5° 

Fairly good 

Fair 

4 weeks 

1 A'f t hospital arid j 

did not return i 



14 weeks 

Pneumonia devel- 
oped in 4th week j 

13 months 

i 

Normal 

j Normal 

1 

Normal 

Good 

1 1 1 o weeks | 

I 

l 

Progress reported 
by telephone j 

6 months j 

Normal 

Normal 

Normal 

Good 

•; 

I/*ft hospital and 
did not return 






? 

Ixjft hospital and 
did not return 






■ 


2 years 

mm 

Normal 

Normal 

Good 

12 weeks 


■1 

Normal 

Normal 

Normal 

Good 

H 

Pneumonia devel- 
oped in 4th week 

15 months 





5 

Peritonsillar ab- 
scess developed 

1 in 2nd week 

12 months 

Normal 

Normal | 

Normal 

Good 

, 

Cast removed 
in from a to 

7 weeks 


1 5 weeks 

15° 

15° ; 

Normal 

Satisfac 

progre 

Screw removed 
in 12 weeks 


7 weeks 

_ 

mm 

Normal 

Satisfac 

progre 

16 weeks 


16 months 

65° 

KgSggfe 

Very poor 

Poor 

12 weeks 

Returned to work 
as farmer 

6 months 

Normal 

Normal 

Normal 

Fair (pai 
use) 

11 weeks 

Mmmmm 






14 weeks 

Treated with pro- 
longed physio- 
therapy 

22 months 

Normal 

Normal 

Normal 

Good 

12 weeks 

Patient left hospi- 
tal and did not 
return 



1 



16 weeks 


4 years 

Normal 

Normal 

Normal 

Good 

KM 



m 



Poor 
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plaster cast from the groin to the toes inclusive. On March 2, 1937, the patient was up 
in a chair, and, on March 15, 1937, he was allowed to walk with the aid of crutches. On 
March 27, 1937, the cast was bivalved, and physiotherapy was started. Weight-bearing 
was begun on April 2, 1937. On January 31, 1939, flexion to 100 degrees was possible. 
Extension and stability were normal. 

Case 14. E. M., colored female, aged thirty years, was struck by an automobile 
on November 17, 1935, and sustained an injury to the left knee. Open reduction was 
performed on November 23, 1935. Much old blood was removed from the joint. The 
lateral meniscus was found to be damaged, and was removed in toio. The entire ex- 
tremity was immobilized in a complete circular plaster cast from the groin to the toes 
inclusive. On December 26, 1935, the cast was removed, and the patient was allowed to 
use crutches. Weight-bearing was begun on February 3, 1936. On December 1, 1936, 
flexion, extension, and stability were normal. 

It has been evident to the writers that the pathology of trauma 
demonstrated in cases of fracture of the lateral tibial condyle at explora- 
tory operation — namely, the comminution of the articular cartilage, the 
gross crushing of the lateral meniscus, and the damage to the underlying 
spongy bone — has prompted a more vigorous and direct approach to the 
problem than is usually accepted. Long and many times permanent dis- 
ability from pain, instability, and lost function, observed in conserva- 
tively treated cases, likewise has prompted the more radical measures. 
The inefficacy of the roentgenogram to demonstrate fully the true extent 
of the injury would also seem to argue for more frequent exploration’ 

By operation through a simple, not too extensive exposure — in which 
the damaged soft structures are removed, good contour is restored to the 
lateral tibial plateau at its weight-bearing surface, and packed subchon- 
dral bone is supplied for support and for more rapid fibrocartilage forma- 
tion — many disconcerting disabilities may be prevented. 
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AND HAKOt.I) M. CHI EDKESS, M.D., JAMESTOWN, NEW YORK 

Tuberculosis of the shafts of tho large* long hours is rare in the United 
States. An extensive search of the English literature revealed but thirty- 
two reported eases.’ A questionnaire, sent to 250 leading orthopaedic 
surgeons in the United States and Canada, however, produced an addi- 
tional seventy-four! hitherto unreported eases, nine of them being from 
Canada. This paper is a discussion of these eases with a report of four 
new ones and a detailed study of an unusual ease with multiple osseous 
tuberculoid lesions. 

Every ease in this series had been proved definitely to be tuberculous 
by microscopic section and animal inoculation, or by the latter method 
alone. Only lesions of the shafts — diaphyses and metaphyses without 
joint involvement — of the large long bones have been accepted. Eight 
unreported cases in which only the greater trochanter was affected were 
discarded as were four in which the clavicles alone were involved. The 
authors have included certain reported cases in which tubercle bacilli 
were present, but which appeared in the literature under other diagnoses. 

BONES AFFECTED (Fig. 1) 

In ninety-five patients, 123 long bones of the extremities were af- 
fected. Seven patients had involvement of two bones; four, of three 
bones; two. of four bones; and one, of seven bones. It is interesting 
to note that in the last-mentioned patient, both scapulae, both clavicles, 
the skull, and the spine were also affected. The tibia was involved in 
thirty-six cases (29 per cent.), and the femur was affected in thirty-three 
instances (27 per cent.). This marked frequency of occurrence in these 
two bones was present uniformly regardless of the age group. 

AGE AT ONSET (Fig. 2) 

Contrary to current opinion, shaft tuberculosis does not occur pre- 
dominantly in childhood. Of this series of ninety-five patients, forty-six 
(48 per cent.) were twenty years of age or more at the time of 
onset, seven of them being over fifty. In thirty-five the onset took place 
within the age period of from one to ten; of these patients, twenty-two 
had shaft involvement before they reached the age of five. Surprisingly 
large was the group of twenty-eight patients in whom the onset occurred 

* Read at the Annual Meeting of the American Academy of Orthopaedic Surgeons, 
Boston, Massachusetts, on January 24, 1940. 

t Fifteen of these were received after the charts had been completed. Analysis 
revealed that their addition would not appreciably affect the summaries. While most of 
the charts were based on ninety-five cases, 110 were actually studied. 
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Lon* hones involved (05 patients, 123 long bones). Age at onset (95 patients). The first column includes one 

patient six months old. 
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TABLE I 

Analysis of the Eighteen Deaths 

_____ 

Factors to Be Considered Cases 


Age: 

Under 5 years 4 

From 10 to 25 years 10 

Over 25 years 4 


Multiple Long-Bone Lesions: 


2 bones affected 2 

3 bones affected 2 

4 bones affected 1 


Associated Active Lesions: 


Lungs 7 

Joints 5 

Flat bones 2 

Meninges 2 

Skin and cord 1 


Duration of Symptoms: 


3 months or less 7 

3 months to 1 year 7 

Over 1 year 4 


Treatment: 

Incision and drainage 7 

Amputation 1 

Excision 2 

Xo treatment 8 


between the ages of twenty and thirty. The youngest patient was six 
months of age and the oldest, seventy-five years. From these figures, it 
is not possible to agree with many investigators who state that the tubercle 
bacillus has a predilection for the richly vascular, growing bones of chil- 
dren. There is a possibility, however, that the disease, frequently of low 
virulence, may start in the bone months or years before the appearance 
of clinical signs. 


DURATION OF SYMPTOMS (Fig. 3) 

Of the eighty-six patients with known duration of symptoms, forty- 
one (4S per cent.) had had complaints for less than six months. Seventeen 
of this group had had symptoms for less than three months. On the 
other hand, thirty-seven (43 per cent.) had had complaints for over one 
vear. The shortest time recorded was three days, and the longest was 
fortv-four j'ears. It may be stated that shaft tuberculosis is chronic 
in nature, since nearly one-half of the group had had symptoms for over 
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one year. :mcl nineteen of them. for over two years. The results of 
surgical treatment of patients with a duration of symptoms of two years 
or more were just as satisfactory as were those in patients who were seen, 
and consequently treated, early. Apparently the hod}' develops a high 
resistance toward the organism, and thereby is able to limit its extension. 

ASSOCIATED LESIONS (Fig. 4) 

Associated active tuberculous lesions were present in thirty-seven 
patients. Twenty-five patients had pulmonary infections; seven of 
these patients died. The spine was affected in seven eases; the skull, in 
five; and the hands and feet, in but three. Of the total series of ninety-five 
patients, only eleven had joint involvement. This is considered remark- 
able, since the tubercle bacillus has a specific affinity for the synovia. 
This fact may indicate that the organisms which affect long bones are of 
low virulence, and the synovia thereby is able to resist invasion. Seven- 
teen of the thirty-seven patients with allied lesions, however, did not 
survive. Other sites of associated lesions were the meninges, skin, flat 
bones, middle ear, and small intestine. 

ANALYSIS OF DEATHS (Table I) 

Eighteen deaths occurred in ninety-five patients, of whom fourteen 
were under twenty-five years of age, four being under five years. Only 
five patients had more than one long bone involved, but seventeen 
(94 per cent.) had associated active lesions. Of these, seven had pul- 
monary infections, and five had joint involvement. Fourteen (78 per 
cent.) deaths were in patients with a duration of symptoms of one year or 
less. Seven of those patients had had complaints for less than five 
months. From these figures it appears that those patients who do not 
survive usually have an initial overwhelming infection. This statement 
is confirmed by the facts that eight patients, who were hopelessly affected, 
received no treatment of any form, and that seven others were treated by 
incision and drainage with diagnoses of severe extensive pyogenic 
osteomyelitis. 

TREATMENT (Table II) 

The end results were known in seventy-one of the ninety-five cases. 
Healing occurred in 92 per cent, of the thirteen patients treated by 
curettage or saucerization and closure. In a large series of cases treated 
in China — as reported by Van Gorder and by Hsieh, Miltner, and 
Chang — this method also produced excellent results. In three cases 
in our series, however, bone chips were packed into the osseous cavity 
following curettage. The addition of chips, or “os purum ” as advocated 
by Orell, may aid in a more rapid repair of the defect. 

Of the thirty-eight cases treated by incision and drainage, healing took 
place in twenty-five (66 per cent.) ; there was no improvement in six; and 
death occurred in seven. Many of these cases in which there were draining 
sinuses were not suitable for closure. Others, no doubt, were surgically 
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TABLE II 

Analysis of Treatment .and End Results in Seventy-One Cases 


Treatment 

No. of 
Cases 

Results 

No. of 
Cases 

i Associated Active Lesions 

No. of 
Cases 

Curettage or 
Saucerization 
and Closure 

10 

Healed 

9 

Lungs 

2 

Unimproved 

1 

Urinary bladder 

1 

Died 

0 



Curettage or 
Saucerization 
and Bone Chips 

1 

3 

Healed 

3 

Lung and adenoids 

Lung and hip 

1 

1 

Unimproved 

0 



Died 

0 



Incision and 
Drainage 

: 

3S 

i 

Healed 

25 

Lungs 

Lungs, intestine, and clavicle 
Lungs and spine 

Lungs, sternum, and skull 

2 

1 

2 

1 

Unimproved 

6 

Lungs 

3 

Died 

■ 

Lungs 

Spine 

4 

2 

Amputation 

3 

Healed 

2 

Lungs and skull 

1 

Unimproved 

■i 



Died 

i 

Lungs 

1 

Excision 

4 

Healed 

2 

Lungs 

1 


0 



Died 

2 

Knee 

Lungs 

1 

1 

No Tieatmcnt 

13 

Healed 

5 

Lungs 

1 

Unimproved 

0 
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In tlic group of thirteen pat i<‘iit s who received no treatment, eight 
died, and five had spontaneous healing. A number of these patients 
were moribund upon admission, and others had such extensive involve- 
ment of bone and other t issues that operation was contra-indicated. 
This explains the high percentage* of deaths in this group. Many authors, 
however, mention spontaneous healing in shaft tuberculosis. In this 
series of seventy-one eases with known end results, there were only five 
instances of spontaneous healing. The facts that thirty-seven patients 
had had symptoms for over one year and that nineteen had had com- 
plaints for over two years before being treated demonstrate the fallacy of 
the inference that healing might eventually have taken place in more pa- 
tients if surgery had been delayed. 

Comparison of results in the methods reported is not entirely con- 
clusive. because factors relating to t he extent of a particular lesion and the 
general condition of the patient would influence the outcome regardless of 
the procedure used. Such data could be procured only in full case reports. 
The groups, nevertheless, are large enough to warrant fairly definite con- 
clusions. A fundamental principle in treating tuberculosis is to avoid 
secondary infection. This is particularly applicable in the treatment of 
osseous lesions. Incision and drainage, therefore, both theoretically and 
practically, is an unsound treatment. From this study of seventy-one 
cases with known end results, it is apparent that curettage or saucerization 
and closure is the treatment of choice. It has the highest incidence of 
healing; it produces minimal surgical trauma; it is applicable to all lesions, 
regardless of location; and it causes less eventual deformity. 

CASE REPORTS 

Case ]. W. H., a white female, aged fourteen years, was admitted to the Texas 
Scottish Rite Hospital in April 1031. The past and family histories were irrelevant. 
The patient stated that pain in the left mid-thigh had developed one year before admis- 
sion. There was no history of trauma. A slight elevation of temperature had persisted 
for several weeks, but there had been no heat or redness of the extremity. A double 
hip spica had been applied, with no improvement at the end of one month. A few weeks 
previous to admission the pain had been more severe, but the patient had continued to 
bear weight on the affected leg. 

Physical examination revealed tenderness to pressure and moderate swelling over the 
upper shaft of the left femur. Moderate muscle spasm was present about the hip. No 
heat or redness was noted. Atrophy amounting to one centimeter was present in the 
left mid-thigh. (See Figure 5-A.) 

Tuberculin tests down to 1 to 100 dilutions were negative, as were all laboratory 
studies. A tentative diagnosis of non-suppurative osteomyelitis or possible osteogenic 
sarcoma was made. Saucerization with closure was done in May 1931. No definite 
diagnosis was made from biopsy. One year later a mass of grayish tissue and bone sand 
was removed, and a positive diagnosis of tuberculosis was made by microscopic studies. 
At this time, a cystic lesion (Fig. 5-C) had developed in the proximal end of the right 
humerus. 

The patient has been observed periodically up to the present time. The left femur 
has remained healed; there is shortening of one centimeter with limitation of motion in 
the hip. Without treatment the lesion of the humerus healed completely in one year. 
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Fig - 5 ‘ a Fig. 5-B 

Cl '" pl - W - H * ™>ciculosis of shaft of left femur. Befoie opeiation. Case 1. Left femur two years after saucerization and 

closure. 
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Case 2. J. H., a white 
female, aged thirteen months, 
was admitted to the Texas 
Scottish Rite Hospital (Service 
of Dr. R. Jackson) in March 
1939. The patient’s mother 
had had active pulmonary 
tuberculosis during pregnancy. 
Efforts to produce an abortion 
were unsuccessful. 

Pain in the left mid-tibia 
of one week’s duration was 
present on admission. There 
had been no elevation of tem- 
perature at any time; the 
patient’s general condition was 
good. On physical examina- 
tion the skin over the tibia was 
slightly red, with increased 
heat; marked tenderness to 
pressure was noted; no inguinal 
adenitis was present. 

Urinalysis and blood studies 
were negative, as were also 
serum tests for lues. A biopsy 
was done, and a microscopic 
diagnosis of tuberculosis was 
made. (See Figure 6.) 

Treatment consisted in 
curettage and closure. The 
child was discharged with an 
upper-thigh plaster cast, and 
her general condition had im- 
proved when seen four months 
later. 


Case 2. J. H. 
losis of left tibia. 


Fig. G _ , 

m- • , , Case 3. M. J., a white 

Microscopic diagnosis: tubercu- . , , 

female, fifteen years of age, 

with an infiltrative lesion at the 
lower end of the left femur, was seen in the latter part of 1939. Saucerization was done, 
and the wound was closed. Examination of the tissues showed tuberculosis. Healing 
was by primary union, but final results are to be determined. 


Case 4. L. .T., a colored male, aged six years, also seen in 1939, had pulmonary 
tuberculosis, cervical adenitis, active infection of the left hip, and an osteoperiosteal 
lesion of the left fibula. Examination of the tissues was positive for tuberculosis. Treat- 
ment consisted in excision and packing. The final result has not been determined, but 
t lie prognosis is poor, since preoperative ulceration and multiple associated le<ions 
were present. 


PATHOGENESIS 

The pathogenesis of bone tuberculosis lias not been definitely estab- 
lished. Fraser states; “healthy bone cannot easily be infected with 
tuberculosis; its marrow must first undergo a gelatinous or fibromyxo- 
matous degeneration, and such a degeneration is the result of a tuberculous 
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'oxcmin :im! of a tuberculous endarteritis of the vessel suppljdng the 
hone. . . . He suggests that the hneilli probably are released originally 
by an extravasation of blood from a ruptured vessel weakened by endar- 
teritis. The direct cause may he due to slight trauma. Karsncr, quoting 
Sencque. says that trauma may he an etiological factor, in that it, may 
awaken a latent disease rather than establish a point of lowered resistance 
for the lodgment of organisms. Kaufmann points out that trauma may 
play a part, since the great majority of cases of hone tuberculosis are 
found in men. In our series 70 per cent, of the cases were in males. 

Kolodnv upholds the embolic theory. Koenig was the first to sug- 
gest the embolic form of pathogenesis, when he noted the frequent wedge- 
shaped sequestra. Lexer, in 1904, showed that the capillaries of the 
epiphyseal, metaphyseal, and diaphyseal blood systems from the nutrient 
artery do not anastomose, but are end vessels. Kolodny confirmed these 
findings and concluded that the parallelism between the frequency with 
which certain skeletal regions are involved in tuberculosis and the abun- 
dance of their blood supply strongly supports the embolic theory. 

\ Boyd emphasized the fact that, in tuberculosis of long bones, bone 
destruction is usually dominant over bone formation, although there is a 
marked tendency toward limitation of spread and spontaneous healing, 
owing to the fibrous-tissue formation so characteristic of tuberculosis in 
the lungs and in other organs. Fraser found in experimental studies that 
a follicle is formed in the marrow, consisting of giant cells, epithelioid cells, 
and lymphocy tes. By amalgamation of these follicles, a relatively large 
mass is developed. Central caseation begins with consequent peripheral 
fibrous-tissue formation to limit the spread. If the caseation is predomi- 
nant. then the disease advances. If, on the other hand, the peripheral 
resistance is adequate, the disease remains localized. Fraser classifies 
tuberculous bone lesions into four distinct forms: the encysted, the in- 
filtrative, the atrophic, and the hypertrophic. Distinguishing character- 
istics in some of these types may be noted in the roentgenograms in the 
report of the following case of multiple bone lesions, tuberculoid in nature, 
without proved diagnosis. 

CASE REPORT — MULTIPLE LESIONS TUBERCULOID IN NATURE 

Case 5. J. M., a white male, aged seven years, was admitted to the Texas Scottish 
Rite Hospital on October 13, 1937. The family and past histories were irrelevant. 
Eight months prior to admission, the patient had fallen from a see-saw to the ground, 
sustaining contusions on both knees and the left wrist. About this same time the parents 
had noticed swelling above the right elbow and of the right mid-leg. No pain, fever, or 
malaise had been present at any time, and the patient had remained normally active. 
He had gained in weight and height at normal rates. Serum tests for syphilis had been 
negative two months before admission. 

Physical Examination 

Physical examination revealed localized swelling of the distal half of the left radius 
with mild pain on pressure; on the posterior portion the bone was compressible; there 
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was no heat or redness. The 
distal third of the right humerus 
showed moderate bone enlarge- 
ment; no tenderness to pressure 
could be elicited; and there were 
no signs of infection. The distal 
half of the right tibia showed 
marked bone enlargement; there 
was no tenderness to pressure; 
and no inguinal adenitis or any 
other signs of inflammation 
could be observed. Weight- 
bearing on the affected leg 
caused no pain. The left chest 
showed signs of consolidation of 
the left lower lobe of the lungs. 

Roentgenographic Examination 
Roentgenograms (Figs. 7-A, 
7-B, and 7-C) were taken and 
interpreted as showing a clu onic 
form of bone destruction, with 
some osseous formation. All 
the lesions appeared to have the 
same etiology, but seemed to be 
in different stages of progress. 
There was fibrosis of the left 
lower lobe of the lungs. 

Laboratory Studies 

The laboratory findings 
were as follows: 

Red blood cells — 1,300,000 
Hemoglobin — 80 per cent. 

Polymorphonuclear neutrophiles — 58 per cent. 

Lymphocytes — 40 per cent. 

Monocytes — 2 per cent. 

Coagulation time — 3% minutes 

Serum calcium — 10.1 milligrams 

Serum phosphorus — 4.6 milligrams 

Total urinary calcium output in 48 hours — 1.5 grams 

Urinalysis — negative 

Serum tests for syphilis — negative. 

Surgical Treatment 

November 1937: Biopsies of left radius and right tibia. 

January 193S: Curettage of distal half of left radius. 

February 193S: Aspiration of left chest; no fluid found. 

March 193S: Curettage of distal third of right humerus. 

December 1938: Biopsy of left fibula. 

Pathological Findings and Diagnoses * 

Material from left radius and right tibia: Tuberculous osteitis, chronic, active, pro- 
gressive, and destructive. 

Material from right humerus: Chronic destructive osteitis; etiology not determined. 

* These histological studies were made by Frederic Parker, Jr., Boston; C. H. Hatcher, 
Chicago; George T. Caldwell, J. L. Goforth, and A. B. Cairns, Dallas. 
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Case 5. Third year of observation. Healing in progress. 
White blood cells — 14,200 
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Malt rial ft am h ft fibula: Caseous ne- 
crosis of elironie inflammatory granulation j 
tissue, probably tnlieieulmis. 

Inundation of tlnee guinea pigs was 
negative for tuberculosis. 

Course (Figs. 7-1), 7-11, 7-1') 

Clinically the patient has continued to 
improve. In none of the lesions did sinuses 
develop and he has not complained of pain. 

On several occasions a piodnetivo rout'll has 
developed, but the sputum on repealed 
examinations has been found negative for 
acid-fast organisms. The- patient lias been 
seen over a period of three years; he has 
remained in bed most of that time, but has 
continued to grow without marked deform- 
ity. lloentgenographically, there was a 
marked spread of the disease for ten months 
following the first examination. From 
that time there has been progressive healing ! 
in all the lesions (Figs. 7-G and 7-11). 

DISCUSSION 

From clinical and roentgeno- 
logical viewpoints, a differential diag- , 
nosis would include syphilis, pyogenic 
osteomyelitis, coccidioidal infection, 

Jungling’s disease and Boeck’s sar- 
coid, and tuberculosis. Ewing’s and 
osteogenic sarcomata were not con- 
sidered, because of the multiplicity 
of lesions. Conditions occasionally 
producing bone lesions of a similar 
appearance — such as actinomycosis, 
blastomycosis, leprosy, and disturbances in lipoid metabolism — -were also 
excluded, because no characteristic findings in these diseases were present 
in the case under discussion. 

Syphilis 

Lues, congenital or acquired, must be given first consideration in such 
a widespread bone involvement. All forms of shaft lesions may occur in 
untreated syphilis, but the most characteristic exhibits a heavy dense 
infiltration of bone through the cortex, marked subperiosteal bone, and 
partial or complete obliteration of the medullary canal. Interference 
with the blood supply and gumma formation may result in the production 
of irregular cavities and areas of bone destruction. If there are two bones 
in a segment, as in the arm or the leg, the involved bone is usually in- 
creased in length and is bowed. 

In our case it was only after histological and serological studies that 



Fig. 7-H 

Case 5. Third year of observation. 
Healing in progress. 
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syphilis as the etiology was eliminated. Eagle, Kahn, Kline, and 
Wassermann tests were negative. Provocative tests were negative. 
The father’s serum was also negative for lues; the mother was not avail- 
able for study. In addition, the patient did not have any stigmata of 
lues, and he showed progressive healing without antiluetic treatment. 

Chronic Pyogenic Osteomyelitis 

This disease may involve multiple bones and may be a combination 
of Brodie’s abscesses and the sclerosing non-suppurative type of osteomye- 
litis described by Garre. These forms very closely resemble, clinically 
and roentgenographically, tuberculous bone lesions. In several in- 
stances, however, in our series the bone infection was fulminating and 
widespread and showed all the signs and symptoms of an acute suppura- 
tive osteomyelitis. In the case just described, although there was ex- 
tensive involvement, no acute onset, no elevation of temperature, no pain 
at any time, no sinus formation, and no sequestration were noted, and the 
overlying soft tissues were not affected. Bacteriological studies were 
also negative. We were able, therefore, to exclude as a diagnosis both 
the acute and the chronic forms of pyogenic osteomyelitis. 

Coccidioides 

Bone involvement in generalized coccidioidal infection is com- 
mon 23 - 23 , and the lesions closety resemble, both clinically and pathologi- 
cally, tuberculous bone infection 21 • 28 . It is essentially a destructive 
osteomyelitis, arising centrally, subperiosteally, or by extension from 
adjacent abscesses. As in other granulomata, there is a central ischaemia, 
with a tendency toward caseation and liquefaction. The condition may 
be fulminating 38 or chronic in nature 20 - 33 . An associated fibrosis of the 
lungs frequently is found. The epiphyses and tubercles of the long bones 
are most often affected . 19 Many authors have pointed out that coccidioi- 
dal and tuberculous bone lesions cannot be differentiated accurately by 
roentgenograms alone. Definite proof of coccidioidal infection, however, 
is not difficult to obtain by microscopic study or by animal inoculation. 

Coccidioidal infection was excluded in the case under discussion for 
the following reasons: The bone lesions involved no tubercles or epiphyses; 
the course of the disease was exceedingly chronic without systemic re- 
actions; the lesions showed spontaneous healing; repeated microscopic 
examinations of biopsy material were negative; and inoculations into 
male guinea pigs produced no characteristic lesions. 

Jiingling’s Disease and Boeck’s Sarcoid 

Jtingling described a condition of multiple cystic lesions in the meta- 
carpals, metatarsals, and phalanges of young adults. In his series a few 
long bones were affected. He believed the lesions to be tuberculoid and 
to be a peculiar form of tuberculosis. He emphasized the close association 
of this bone disease with Boeck’s sarcoid and lupus pernio. 
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“Multiple benign sarcoid" was (lie name Riven to the disease re- 
ported hv Horde. which is characterized by skin lesions and enlarged 
lymph nodes, lie considered the condition to he due to a non-virulent 
form of the tubercle bacillus. Schaumann believes that the disease is 
due to a non-acid-fast, possibly filtrable, form of the tubercle bacillus. 
Hodges, I’hemister. and Brunsehwig mention that manj’ - present-day in- 
vestigators are convinced that a sarcoid is nothing more than an unusual 
reaction of ordinary tuberculosis working in highly resistant tissues. 
According to Ellis, the etiology of the sarcoid is debatable, but is probably 
tuberculous. In regard to the bone lesions, it is his opinion that frank 
rysfie tuberculous oeteitis has been confused in recent literature with 
.liingling’s disease. 

Several of the postulates outlined b\ f Jiingling are fulfilled in our case. 
There were no sequestration, sinus formation, extension into joints, or 
positive reactions to tuberculin tests. Despite pulmonary involvement, 
no tubercle bacilli could be found in the sputum. Stains, cultures, and 
animal inoculations with biopsy material were negative for this bacillus. 
The general health of the patient also remained excellent. The facts 
which are against Jiingling’s disease are: The skin was not involved; the 
bones of the hands and feet were unaffected; marked caseation was 
present; and tissue from two lesions was diagnosed microscopically as 
tuberculosis. 

Tuberculosis 

The rocntgenographic appearance is in accord with three distinct 
forms of tuberculous lesions. The encysted type shows definite cystic 
formation in the metaphysis with but slight bone reaction. The atrophic 
form has marked metaphyseal atrophy and expansion, the latter being 
due to an excess of periosteal bone formation, which has been undermined 
by the disease process. The infiltrating type has marked periosteal 
reaction, sclerosis of the bone, and extensive involvement of the shaft. 

The gross appearance of the lesions demonstrated at operation are 
in line with a diagnosis of tuberculosis. 16 In the encysted and atrophic 
forms the bone shell was soft and thin, and the cavities were filled with a 
grayish granular material with a central area of caseation. A moderate 
amount of bone sand was present with no sequestra. In the infiltrating 
form there was marked subperiosteal new bone, and the cortex was heavy 
and dense. The cavity, however, contained caseation and bone sand as 
in the other two forms. 

Studies of tissue taken at biopsy in several laboratories were not con- 
clusive. In none of the tissue were found the typical cells of Langhans, 
but from two lesions the histological pattern warranted a diagnosis of 
tuberculosis. This diagnosis could not be substantiated, however, by 
sections from other lesions. Furthermore, three guinea-pig inoculations 
were negative for acid-fast organisms, and the Mantoux tests were per- 
sistently negative down to a dilution of 1 to 100. 
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A tentative diagnosis of tuberculosis has been made in the case which 
we have reported, although it has not been confirmed during the three 
years in which this patient has been observed. The history and clinical 
behavior are consistent with those of tuberculosis. The multiplicity of 
bone lesions, in both diaphyses and metaphyses, does occur as shown by 
our charts. These findings do not positively prove or disprove tubercu- 
losis. They do suggest, however, that this patient’s condition may be 
due to a non-virulent form of the tubercle bacillus, as reported by Boeck 
and later by Jungling. In our opinion, the process is one of an atypical 
tuberculous osteomyelitis, due, perhaps, to an attenuated organism, and 
the prognosis for ultimate recovery is good. 

CONCLUSIONS 

1. Shaft tuberculosis is essentially a chronic disease. In rare 
instances it may be fulminating and rapidly progressive. 

2. The tubercle bacillus does not have a predilection for the growing 
bones of children, since, in nearly one-half of the cases reviewed, the 
disease started in patients over twenty years of age. 

3. Of the large long bones, the tibia and the femur are most fre- 
quently affected. 

4. Active pulmonary and other tuberculous lesions are frequently 
associated with shaft tuberculosis. 

5. The treatment most frequently used was incision and drainage, 
due, in part, to early diagnosis of pyogenic osteomyelitis. 

6. Saucerization and packing is an effective treatment in the 
presence of draining sinuses. 

7. Curettage or saucerization and closure in cases without sinuses, 
practically and theoretically, is the treatment of choice in tuberculosis 
of the long bones of the extremities. 

The authors take this opportunity to express their appreciation to the following sur- 
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worth, Guy A. Caldwell, Walter F. Carruthers, M. S. Danforth, Frank D. Dickson, 
Juan Farill, Robert V. Funsten, R. K. Ghormley, R. I. Harris, Paul U. Hartman, R. N. 
Hatt, E. W. Hauser, Myron T. Henry, J. T. Hodgen, R. T. Hudson, Samuel Kleinberg, 
Edward LeCocq, C. L. Lowman, W. R. MacAusland, A. P. MacKinnon, D. M. Meekison, 
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EVALUATION OF WOLI-T’S LAW OF BONE FORMATION 

hy aekxander kusuxeu, m.h., h.sc., i.ixcoi.x, Nebraska 

Nrsiilru! in Orthopedic Surgtry, Nebraska Orthopedic Hospital, Lincoln 

This analysis was prompted by a study of Murk Jansen’s treatise, 
“On Bone Formation ”, h in whieh lie claimed to have demonstrated the 
untenability of Wolff’s law of lione formation. Wolff 1S , in 1870, depicted 
the structure of a bone as representing an exact symbol of external forces 
whieh were operative upon it and formulated his “ Law of Transformation 
of Bone”, in 1S92 1! ', which stated that wherever stresses of pressure and 
tension are caused in bone, be it by pressing forces or by pulling, formation 
of bone takes place. Jansen objected strenuously to this principle and 
advanced many arguments to show that Wolff’s deductions were fallacious 
and that tension will result in atrophy of bone, whereas pressure consti- 
tutes the only trophic stimulus. His deductions were based on a study of 
bone trabeculae of sections of normal and pathological bone taken from 
parts of the skeleton where stress is greatest, such as the neck of the femur, 
and in such pathological conditions as bony ankylosis of the knee in flex- 
ion and ankylosis of a kyphotic spine. He concluded that tension is un- 
favorable to bone growth, and that the bone elements place or displace 
themselves in the direction of functional pressure. He also stated that 
wherever bone formation is to be promoted, as in fractures and bone 
transplants, it cannot be expected, on any reasonable ground, from ten- 
sion although it can be anticipated from pressure. The clinical impor- 
tance of this postulate is obvious to the surgeon who attempts to trans- 
plant bone where undue tension will be exerted on the graft. However, 
there is ample clinical evidence to show that tension will not cause the 
death of the bone graft, but will even stimulate its growth to a degree 
that is adequate to resist successfully the tension stress. 

Other observers have written on this interesting question, and the 
trend of opinion inclines to a modified view of Wolff’s law. Volkmann 17 
and Hueter 7 contended that pressure inhibits growth of bone, while 
release of pressure favors it. Meyer 10 , in 1867, described the architecture 
of cancellous tissue, distinguishing between the pressure-sustaining 
elements. Steindler 15 believes that certain modifications of the original 
Wolff’s law must be introduced, taking into account the fact that the 
stimulating effect of functional pressure has certain biological limits, both 
in intensity and in duration, and that the reaction to tension stresses is 
somewhat different from that to pressure. 

Bone grafts are sometimes transplanted to parts of the skeleton where 
they are undoubtedly under great tension, and, if the existence of this 
tension be recognized and the bone graft be observed to retain its vitality 
and to exhibit hypertrophy, then it may be fairly deduced that tension is 
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Fig. 1-A 


i 



Rocntgcnogiam unci schema, showing Il-shnpcd bone graft miaul acioss un- 
united fiactuie of patella. Auows indicate line of tension stiess exerted by 
quadiiccps muscle and patellai tendon upon the giaft, winch does not atiophy 
and which maintains coaptation of fiagments. Bone icpaii occms in spite of 
complete absence of pi assure stiess. 


not necessarily detrimental to osteogenesis. Former investigations on 
this subject were made by analyzing post-mortem specimens of the skele- 
ton and accounting for the amount of bone deposition or atrophj r on the 
basis of stresses supposed to have been present during life. However, 
this is unsatisfactory in so far as different observers are in disagreement as 
to whether tension or pressure was acting on the specimen in question. 
For example, in the classic studies made by Roux n , in 18S3, the specimen 
consisted of a knee joint ankylosed in 80 degrees of flexion. He assumed 
that the concave side was subjected to pressure by the weight of the bodj r 
in walking, but Murray 12 questions whether such a limb could have been 
used in walking unless some device were attached to the knee. Jansen, 
in criticizing Roux, goes on to say that the convex side of the knee in 
question is frequently under pressure instead of tension, as Roux postu- 
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Fig. 2-A Fig. 2-B 

Roentgenogram and schema of spine, fifteen years after fusion of spine for 
Pott’s disease by tibial bone graft. The tibia! graft is under extreme tension, 
but responds favorably by exhibiting hypertrophy m accordance with Wolff’s 
law. Arrows in schema indicate direction of stresses. Shaded area denotes 
bone graft. 
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- - y — - y ^r.- — i a tocl, because of Die weight 

4 - JS^gjiL- . - S of the limb when elevated, the 

j^^K£pl0 r '' ! pull of the quadriceps, vibrat- 

" big movements, etc. Thus it 

^k| ii is apparent that before dcduc- 

'*&«. 1 tions as (o the influence of 

I ,, tension or of pressure can be 

I '*#' ' made, one stress must be iso- 

lated from the other and the 
,i effects of each studied sepa- 
rately. Studies upon parts 
of the normal skeleton that 
are undoubtedly under ten- 
t,\ sion during its normal func- 

La i tion, such as the junction of 

Jjjr I bone and tendon, have not 

_ Wk been satisfactory. Several of 

w, the operations devised by 

, * 1 j)resent-day bone surgeons af- 

*' 1 ford the opportunity to study 

1 the effect that long-continued 
tension has upon bone forma- 
tion and to provide the basis 
for this re-evaluation of Wolff’s 
law. 

In Alboe’s operation for 
j ummited fracture of the pa- 

i tella 2 , an H-shaped bone 

Fig~ 3 graft is inlaid across the frac- 

_ , , ,, " turo line, so as to coapt the 

Tuberculosis of lumbar spine, treated by Alhec , , , , . , ,, 

spine fusion in 191S. Roentgenogram, taken fragments and to resist the 
twenty-one years after operation, shows bone pull of the quadriceps tendon 
graft to be almost three times as large as when , . l i T>\ T + 

originally implanted, — a reaction to the gicat vA* ’8 s - -*-A and i-xi). it i. 
stresses acting on the lumbosacral junction. apparent that the bone cells 

in the bone graft are under 
tension constantly, — from the moment that the bone tenaculum which 
holds the fragments together while the graft is inserted is removed, 
throughout the postoperative period of immobilization maintained by the 
muscle tone of the quadriceps, and finally, in the stage of active motion. 
The element of pressure is minimized here, and to study the progress of 
such a case results in the conviction that pressure stress is not indis- 
pensable for the growth of bone. Unfortunately, the enlargement of the 
graft cannot be observed, because the graft is in contact with the patella 
on all its borders. 

To study this phenomenon, one must turn to the bone-graft opera- 
tion in Pott’s disease with advanced kyphosis (Figs. 2-A and 2-B). 
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Here, too, the; bone graft > s ‘ in an environment of tension. This 


can be confirmed at the oper- 
ation table when the inter- 
spinou* ligaments are found to 
he extremely taut, due to the 
collapse of the vertebral bod- 
ies. Campbell and Steind- 
ler 14 mention the risk of frac- 
ture of the graft in this type* of 
ease, because of tin* extreme 
tension present, but Albee 
eliminates this complication 
by using heavy, flexible grafts 
in the so-called “bundle-of- 
reeds” method. Figure 2-A 
is a roentgenogram of a spine 
taken fifteen years after fusion 
of the thoracic region. After 
the patient began weight- 
bearing, this graft was con- 
stantly under tension, due to 
the fact that in this region the 
line of gravity parses anterior 
to the vertebral bodies with a 
resultant tendency of the spi- 
nous processes to diverge. 
One of the functions of the 
graft is to prevent this tend- 
ency by fusing the spinous 
processes, thus precluding fur- 
ther deformity. Here, again, 
we have an example of bone 
growth in the presence of ten- 
sion. The bone graft in the 
spine lends itself to study, be- 
cause it retains its identity 
throughout the life of the indi- 
vidual, enabling its “life cycle” 
to be followed. This is not so 
in the case of ununited frac- 
ture of a long bone, because of 
its assimilation by the sur- 
rounding bone after the frac- 
ture has united. Another ex- 
ample of hypertrophy after 
long-continued tension is seen 



Fig. 4-A Fig. 4-B 

Roentgenogram and schema of ununited frac- 
ture of tibia, where fibula was bolted to tibia by 
means of several bone-graft pegs. Body weight 
is transmitted through bone grafts to the fibula, 
which replaces the tibia. Bone graft A is under 
tension, but does not atrophy. The fibula is 
under greater pressure than before operation and 
responds by hypertrophy. 
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in Figure 3, which was taken twenty-one years 
■ after the fusion operation for tuberculosis of the 

w lumbosacral vertebrae. It is interesting to note 

F that the graft enlarged considerably at the point 

I j _ of greatest stress, — namely, the junction of the 

' f movable portion with the fixed portion of the 

! spine. When the body weight is inclined forward, 

1 a severe strain is thrown upon the graft, which 

must be of adequate dimensions. However, in the 
j r erect posture, the graft in this ease no doubt trans- 

j ’ *-■ i mits the superincumbent body weight, so that 

1 ", both tension and pressure enter into the question 

here . 3 

i t - Figure 4- A is a roentgenogram taken three 

f years after operation for ununited fracture of the 
i: -' ! tibia. Bony union of the tibia to the fibula was 

, induced by means of several bone-graft pegs, be- 
! cause the extensive sear tissue over the fracture 
1 site and sclerosis of the bones, due to the original 
infection, interfered with the attempt to obtain 
union by the usual methods. This is an interest- 
| ing example of the application of Wolff’s law. 

I The body weight is now supported by the fibula, 

J and, as a result, it has increased in size in response 

1 to the increase in pressure. The proximal bone 

p IG _ 5 graft, *4, which is under tension only, has not only 

Callus formation un- retained its vitality, but it has also hypertrophied 
der extreme tension, as proportionately. 

lengthening operation, In tllP operation of leg-lengthening, where a 

before weight-bearing Z-shaped osteotomy is performed and the bone 
was permitted. ends are distracted by turnbueklcs, as described 

by Abbott 1 and Orr (reported by Alcorn 4 and Teal IC ) callus formation 
proceeds during the process of elongation of the limb. When consolida- 
tion occurs and weight-bearing is permitted, tension on the callus is re- 
placed by pressure. However, the point is made that extreme tension, 
per se, does not inhibit callus formation (Fig. 5). 


DISCUSSION 

Many other examples of bone formation proceeding in the presence 
of tension may be cited, but the writer has referred to those instances 
where only a tension stress was exerted upon tissue exhibiting active 
osteogenesis and where pressure could be eliminated as a potent factor in 
this process. 

Tension is by no means regarded as a more favorable environment for 
a bone graft than pressure. Remarkable hypertrophy of the graft occurs 
and “depends upon the need for it”, as J. B. Murphy 11 expressed it in 
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referring to hum* growth, and the greatest not'd is seen when the pressure 
exerted hv the body weight calls for an adequate supporting structure. 
Therefore, pressure is no doubt the most effective mechanical agent for 
altering the structure of bones. Tension requires a greater effort on the 
part of the osteoblasts, but it is not necessarily antagonistic to them. 
Bone grafts, when placed under tension, will survive if an adequate tech- 
nique is followed, but it should be emphasized that fracture, atrophy, or 
deformity will result if the tension or pressure acting upon bone exceeds 
its physiological mechanical capacity. 

However, it should be noted that the most favorable environment for 
a bone graft immediately following the operation is that of absolute im- 
mobility. When the blood supply to the graft has been established and 
the deposition of the callus has advanced to a point where the graft be- 
comes firmly embedded in the host tissues, as determined by roentgeno- 
graphic and clinical study, then its mechanical function may be permitted 
with the assurance that it will continue to enlarge until the need for it has 
been satisfied. 

Albce 2 has stated that a real understanding of the modus operandi 
and theory of Wolff’s law is imperative. The influence of this law upon 
the success of transplantation procedures of all kinds cannot be too 
strongly emphasized. It not only influences the graft to proliferate and to 
strengthen to an almost unlimited degree, if the new mechanical environ- 
ment of the graft requires it, but the action of this law also causes the bone 
from which the graft was removed to be returned to its original strength. 

SUMMARY 

1. Clinical evidence in support of Wolff’s law as originally pro- 
pounded has been cited. 

2. Jansen’s contention that tension always produces bone atrophy 
is not substantiated, and his proposal that Wolff’s law be modified ac- 
cordingly is unwarranted. 

3. A bone graft will survive and will continue to hypertrophy, al- 
though under constant tension. 

The author wishes to express his appreciation to Dr. H. Winnett Orr for his helpful 
criticism and to Dr. Fred H. Albee for permission to reproduce the roentgenograms which 
accompany the article. 
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FRACTURES OF THE RIBS 


MY DRURY HINTON. M.O.. F.A.C.S., AND CHARLES A. STEINEIl, M.D., 

I) I! EX EE HIEE, PENNSYLVANIA 

'Hip paucity of literature on fractures of the ribs in the past ten years 
is readily explained by (lie frequency of the fractures and the relative 
infrequency of complications. In (ho suburban hospitals, near main 
arteries of travel, the percentage of severe cases is somewhat greater than 
in the large city hospitals, and this paper is based upon a large suburban 
experience. 

We arc all more or less familiar with the following practical points: 

]. The fifth to the ninth ribs bear the brunt of the trauma. 

2. Indirect violence, in approximating the ends of the ribs, increases 
their curvature — resulting in fractures outward near the middle of the rib 
or in front of the angle — usual!}’ involves more than one i*i b, and rarely 
produces complications. 

3. Direct violence produces a fracture of one or more ribs at the 
point of impact, the traumatizing force thereby tending to cause sharp 
rib fragments to protrude into the pleura and lung with attending com- 
plications. 

4. Muscle violence as a rule breaks the rib anteriorly and sub- 
periostcally, and the seventh to the eleventh ribs suffer most frequently. 

5. Single fractures are end to end; multiple fractures may overlap. 

6. In multiple fractures the patient’s attitude is with the body 
bent and the head inclined toward the affected side to reduce motion, 
or with the hand held over the affected side. 

Our series of 279 cases consists only of patients who were hospitalized 
and, therefore, shows a higher percentage of patients with complications 
and associated injuries than if both ambulatory and house patients were 
included. It should be borne in mind in considering the following sta- 
tistics that several factors make absolute accuracy impossible. Hospital 
records in general are less detailed about chest injuries, it would seem, 
than about injuries to other parts of the body, so that the notation “multi- 
ple fractured ribs” is not uncommon, particularly in cases where the 


TABLE I 

List of Causes of Fracture 
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Fig. 3 

Roentgenogram taken fioin the left oblique position. The fractures of the 
ninth and tenth ribs are clearly demonstrated by the separation of the frag- 
ments. 

patients died shortly after admission before roentgenograms could be 
taken. Also, some rib fractures are exceedingly difficult to demonstrate 
even by roentgen-ray. It is for this reason that in all suspected cases of 
rib fracture roentgenograms are taken from three positions, — central, 
right oblique, and left oblique. This is well illustrated by Figures 1, 2, 
and 3, and for the use of this case the authors are indebted to Dr. Paul A. 
Bishop, roentgenologist. 

The causes of rib fractures in this series are listed in Table I. It is 
immediately apparent that the automobile was responsible for more than 
three times as many of these injuries as all other factors combined. 
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TABLE II 

Agi: and Sex Incidence 


Age 

(Years) 

Males 

(Cases) 

Females 

(Cases) 

Total 

(Cases) 

0-10 

7 

5 

12 

11-20 

9 

2 

11 

21-30 

11 

14 

i ; 

25 

31—10 

14 

9 

53 

41-50 

3G 

15 

51 

51-GO 

49 

21 

70 

Gl-70 

22 

12 

34 

71-80 

11 

G 

17 

81-90 

1 

0 

l 

1 

Total 

190 

81 

274* 


* In 5 cases age or sex was not listed on chart. 


Table II demonstrates that males suffer rib fractures about two and 
one-quarter times as frequently as females, as would be expected, and that 
most fractures occur between the ages of thirty and sixty years. Frac- 
tures seldom occur in children, unless the chest is crushed. 

Table III illustrates that the fifth to the ninth ribs are the ones most 
frequently fractured. The first and second ribs are well protected by 
the clavicle and are seldom fractured; most of the cases recorded in the 
literature have resulted from muscle action such as in coughing and 
sneezing. Similarly, the eleventh and twelfth ribs, being attached at only 
one end, tend to give way with the force of impact. 

SYMPTOMATOLOGY 

The symptoms and signs of the uncomplicated case are so well known 
that they need be mentioned only briefly. There is usually a history of 
an injury, followed by a severe, sharp pain in the chest, which is made 
worse by deep inspiration. A localized point of tenderness over the 


TABLE III 

Frequency of Fracture or Individual Ribs 


No. of Rib 

1 

2 

3 

4 

5 

G 

7 

8 

9 


11 

12 

Total 

Right Side 

14 

21 

26 

32 

3G 

42 

53 

53 

42 

38 

2S 

8 

393 

Left Side 

8 

25 

29 

38 

48 

49 

51 

47 

42 

39 

27 

11 

414 
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TAKLK IV 

COMPLICATIONS * 

Xo. of 
Cases 


Hemothorax 39 

•Subcutaneous emphysema 32 

Pneumothorax 18 

Lacerated lung 17 

Uronrhopneumonia 10 

Traumatic asphyxia 2 

Pulmonary oedema ] 

Mediastinal emphysema 1 

Atelectasis 1 

Pleurisy (severe) 1 

Total 122 


* 122 complications in 83 patients, representing 29.7 
per cent, of all patients, of whom 29 or 10.4 per cent. died. 

fracture site is present, and at times crepitus may be felt. Roentgeno- 
grams reveal the fracture in most instances. In case of doubt, the diag- 
nosis is made on the clinical evidence, negative roentgenograms notwith- 
standing. Our cases have all been confirmed by roentgen-ray. 

TREATMENT 

The treatment of the simple cases consists usually in adhesive strap- 
ping, applied in expiration from below upward, and extending from the 
sound side anteriorly to the sound side posteriorly. Straps should never 
be applied over the epigastrium, since this region moves with respiration 
and its motion will thus be transmitted to the chest. Strapping is not 
advisable over abraded skin, or in pneumonia, or when respiration is 
embarrassed from pneumothorax or other causes, or when its use would 
aggravate pain or deformity. Other methods occasionally used are 
complete binders, corsets, and the “Sam Browne” plaster belt (Waugh). 
This latter consists of four-inch strips of plaster-of-Paris, applied to the 
lower chest in expiration, with a communicating strip running over one 
shoulder. The belt need not be thick; six or seven turns of plaster band- 
age will suffice. It is usually advisable to keep the chest immobilized 
for about four weeks. Sedatives should be used where indicated. 

COMPLICATIONS OF RIB FRACTURES 

Many of the complications are so rare as to be worthy of only passing 
comment. Pericardial and cardiac injury, diaphragmatic hernia, and 
rupture of the liver, spleen, or colon are major catastrophes which de- 
serve surgical intervention, with the rib fractures as a minor consideration. 
Compound fracture through the skin may require debridement and, 
perhaps, antisepsis and care to minimize the development of osteomyelitis. 


VOL. XXII, NO 3. JULY 1940 


IjiYf gfieug &{&?&?!? 

S, X, B. EedisaS 



602 


DRURY HINTON AND C. A. STEINER 


Pyothorax, excessive callus, and intercostal neuralgia as late complications 
may require secondary operation. Congestion and oedema of the lungs, 
bronchitis, pleurisy, pneumonia, and direct or contralateral collapse of 
the lung are primarily the concern of the internist. Simple pleural in- 
jury gives the signs of localized pleurisj^ and requires no special treatment. 
Traumatic asphyxia is produced by severe compression of (lie chest, and 
is due to an intense passive congestion. There is a dusky cyanosis, con- 
fined to the head, neck, and upper chest, often accompanied by subcon- 
junctival hemorrhage, or petechiae. It is alarming but usually not seri- 
ous, clearing up entirely in from three to five days. Two patients in 
this series showed it. 

Table IV demonstrates the complications encountered in our series, 
and it will be noted that hemothorax, subcutaneous emphysema, and 
pneumothorax are the most frequent, in the order named. 

Here again we would like to call attention to the fact that in some 
instances reference to complications in the patient’s record was vague 
and inconclusive, and positive statements were made in the main only 
when the complications were revealed by roentgenograms. In other 
cases where the injuries proved almost immediately fatal, terms such as 
“internal injuries” were used to replace definite findings. Of the 279 
patients in this series, eighty-tlnce or 29.7 per cent, had one or more of the 
complications listed in Table IV, and twenty-nine or 10.4 per cent. died. 
It will be recalled that this series does not include ambulatory cases of 
fractured ribs, which ordinarily would have no complications. 

Injury to the lung may occur without laceration of the parietal 
pleura, — that is, the lung may be burst by compression. Hemoptysis as 
the sole symptom may mean pulmonary contusion, but, associated with 
hemothorax, hemopneumothorax, or the parietal escape of air, it implies 
more serious lung injury. 

Hemothorax, in addition to being the most common complication in 
this series, is also one of the most serious. If of pulmonary origin, it is 
rarely of sufficient volume to require intervention, — that is, aspiration, 
induced pneumothorax, or surgery. If there is reason to believe that there 
is an open intercostal or internal mammary vessel or a large pulmonary 
vessel, an operative procedure is indicated, of course, but it is common 
experience that, when blood and air collect, within the pleural cavity in 
sufficient quantity to compress the lacerated lung, bleeding will usually he 
controlled. As stated by Findlay, the blood and air act as a splint to the 
injured lung and tend to immobilize the entire side of the chest. In 
treating these cases it is our policy, therefore, not to aspirate unless con- 
siderable respiratory embarrassment occurs. Development of empyema 
later may require surgical intervention. Rapid hemorrhage from the 
intercostal or internal mammary arteries into the pleural cavity may, 
however, exsanguinate the patient or seriously embarrass cardiac and 
pulmonary function. Ligation of these vessels, aided by rib resection, 
may be necessary. It is of interest to note that Kellogg Speed quotes 
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Sclii'ittc' ns giving n -10 to 60 per cent. mortality in intrathoracic hem- 
orrhage. Many mild eases of hemothorax are undiagnosed by physical 
examination and do not show in the roentgenograms. 

In subcutaneous and intermuscular emphysema there is a tear in the 
parietal pleura, which allows air to escape from the pleural cavity, to 
some extent acts as a safety valve, and quite probably in some cases 
saves the patient from an otherwise certain death. It has even been said 
that the development of such emphysema is of good prognostic import, 
bocal pressure 1 and strapping usually suffice to control subcutaneous 
emphysema, although in extensive cases Money has employed aspiration 
of the chest with incisions below each clavicle, and Goodliffe suggests the 
use of a medium-sized cannula, producing partial collapse of the lung. 
He removes the cannula in twelve hours. Multiple incision has likewise 
been used by early writers. 

Mediastinal emphysema, however, is more insidious, is concealed, 
often goes unrecognized, and death is ascribed to that too-loose term, 
“internal injuries’’. As the pulmonary tear which causes it is usually a 
ragged one, there is a tendency for the tear to have a valvular action, and, 
as the thoracic wall rises in inspiration, air is sucked out of the lung into 
the pleural cavity, and, as the thoracic wall drops in expiration, the air in 
the pleural cavity squeezes the tear shut. Therefore, each inspiration 
causes a further increase in the pneumothorax and, when finally the 
intrapleural pressure reaches approximately the neutral point or zero, 
a forced expiration causes a forcing of air from the opposite lung across 
the bifurcation of the trachea into the injured lung and out through the 
tear into the pleural cavity. In this way the intrapleural pressure may 
be raised considerably above zero. As the pneumothorax increases, 
the intrapleural pressure rises; the mediastinum is proportionately 
pushed toward the uninjured side, and, the farther over it moves, the 
more the uninjured lung becomes compressed until finally the whole pul- 
monary mechanism is unable to maintain an adequate tidal-air exchange, 
and the patient suffocates. This condition is called tension pneumothorax. 

Ballon and Francis, in investigating the consequences of variations 
in mediastinal pressure, found that air could travel great distances and 
take several courses, for example: 

1. Under fascia, costal pleura, and intrathoracic fascia; 

2. To the hilum of the lung and into the mediastinum and even 
over the entire body (the most severe type) ; 

3. Along the trachea to the floor of the mouth and under the tongue; 

4. Along the sheaths of blood vessels, even dangerously compressing 
the axillary and femoral vessels; 

5. Retroperitoneally, along renal vessels to the kidney. 

It is obvious that air contained within the pleural cavity above a normal 
manometric level will seek an exit through any possible channel, and, if the 
traumatic concussion has caused some tearing in the mediastinal pleura 
as, for example, near the hilum of the lung, the air will work its way into 
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the areolar tissue of the mediastinum with the characteristic roentgeno- 
graphic picture. Under such circumstances air may soon be palpable 
in the lower throat, and Ticgel has advised making an incision there 
through the superficial layer of the deep cervical fascia and placing a 
suction cup over the incision to extract the air, or at least to decompress 
the mediastinum. Even though no tear may exist in the mediastinal 
pleura, air may enter the mediastinum through the pleural tear in the 
periphery of the lung, passing through the pulmonary interstitial tissue 
and through the hilum of the lung into the mediastinum. Baskin has 
called attention to the importance of coughing, which closes the glottis 
and forces in more air. 

The effects of mediastinal emphysema are: 

1. Stagnation of blood in the lungs; 

2. A fall in blood pressure; 

3. Pulmonary oedema ; 

4. Pericardial effusion; 

5. Diminished heart action; 

6. Oedema of the tracheobronchial mucous membrane; 

7. Pulmonary emphysema. 

Once mediastinal emphysema has become very extensive, and to it 
are added the usual shock and hemorrhage, it is almost too late for treat- 
ment. The danger should be recognized early and treatment instituted 
to prevent extensive mediastinal emphysema,— that is, to prevent the 
high-tension pneumothorax which precedes it. Keeping this down will 
also prevent suffocation through compression of the uninjured lung. 
When either the roentgenogram or the displacement of the heart indicates 
that there is a pneumothorax present, a needle should Ire introduced into 
the traumatic pneumothorax space with a regular pneumothorax ap- 
paratus, and the manometric pressures should be determined. If these 
are abnormal, or if either the roentgenogram or the position of the heart 
shows that there is extensive pneumothorax, this air should be aspirated 
by reversing the direction of the flow in the bottles of the pneumothorax 
machine. As much air is aspirated as may be necessary to reestablish 
some such negative intrapleural pressure as minus 7 to minus 9. This 
usually brings the heart back to normal position. Then the patient is 
rvatched with extreme and constant care for signs of a recurrence of the 
pneumothorax. This is very likely to happen, as the wound in the lung 
is probably still open. Should signs of recurrence develop, the procedure 
described may be repeated. 

If it should be necessary to repeat this more often than every half 
hour or so, or over a long period of time, it is more effective and safer for 
the patient if one provides for constant egress of the air that keeps coming 
into the pleural cavity. Rather than introducing a catheter, which after 
all exposes the pleural cavity to a greater chance of infection than if only 
a needle were used, one should insert a short needle, the bevel of which 
has been filed down so that it is fairly blunt but still sharp enough to 
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penetrate 1 lit’ thoracic wall. To the needle should be attached a long 
rubber tube, which is introduced beneath sterile water in a sterile bottle, 
placed either on the floor or at a level beneath that of the patient. This 
needle and tube system provides “water-seal drainage” of the air, and, 
whenever the pneumothorax pressure becomes sufficiently high, it readily 
escapes through the needle and tube and bubbles out through the water, 
which, in turn, prevents aspiration of air into the chest. 

On rare occasions, it is advisable to do a thoracotomy to relieve ten- 
sion, as advocated by Lilienthal and others, or to perform a wide inter- 
costal thoracotomy in order to sew up a pulmonary tear, which all evi- 
dence indicates is a very extensive one. Act unity, thoracic surgeons are 
very conservative about operating in the majority of cases of severe 
thoracic trauma. 

If, to the measures just advanced, one adds prompt treatment of 
shock, the use of an oxygen tent, and, in selected cases of crushed chests, 
the application of hook traction to the sternum as advocated by Jones 
and Richardson, it is certain that many borderline cases will be saved. 

Technique.: Under local anaesthesia, two incisions, one centimeter 
long, are made just lateral and at right angles to the border of the sternum 
at the level of the third interspace, exposing the edges of the sternum. 
The sternum is grasped with cervical forceps. Hooks are inserted, and 
the forceps are locked. Weights and pulleys, attached to a rainbow 
frame, are used to maintain traction. This is a dangerous procedure, 
because any puncture of the pleura in these desperate cases might be 
fatal. This could occur either at the time of application of the hooks or 
from some slip of the forceps. In an emergency, the skin and subcu- 
taneous tissues could be grasped until the shock period was over. Trac- 
tion on the sternum is suggested only as a means of combating anoxaemia 
due to crushing injuries of the chest, which cause increased mobility 
of the chest wall. Secondarily, through reduction of the anoxaemia, 
diminution of the muscle effort necessary for respiration, and aiding 
venous return to the heart by increasing the negative pressure in the 
great intrathoracic veins, the degree of shock may be lessened. Al- 
though correction of the deformity may be obtained in this way, traction 
is not suggested for this purpose and should be abandoned as soon as 
pulmonary ventilation becomes sufficient. The considerable deformity 
present at first may be of no permanent importance. The possibility 
of pneumothorax makes this procedure risky. 

Hernia of the lung has been noted occasionally, always with fracture 
of several adjacent ribs, the fragments being so displaced upward and 
downward as to leave a gap through which the lung protrudes. Invagi- 
nation and rib transplantation across the invaded intercostal space are 
recommended for this. 

The most important and perplexing abdominal complication is ileus. 
This symptom usually develops twenty-four hours or more after the in- 
jury and raises the question of an intra-abdominal associated lesion. It 
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TABLE V 
Associated Injuries 


Injuiies 


Xo. of Cases 


Ceiebinl concussion 
Renal contusion 
Ruptuied spleen .. . . 

Bui ns 

Cciebial hemou lingo 
Dislocated thumb 
Dislocated knee 
Dislocated shoulder 
Ruptuied intestine 
Tinctures (othei bones) 
Clavicle 
Tibia . . 

Skull 
Fibula 
Ilumei us 
Pelvis 

Vortcbm . . . 
Radius 

Nose . . . 

Ulna . . 

Scapula 

I'emui 

St ei mini . . . 

Ilium 

Tnisals . . 
Metatai. sills 
Cai pals 
Maxilla 
Mandible . 

Patella 

Os cnlcis . . 


35 

4 

2 


1 

1 

1 

1 

1 

. 173 

30 
19 
10 
10 
13 
13 
12 
9 
9 
0 
0 
5 
3 
2 
2 
1 
l 
1 
1 
1 
1 


TABLE VI 
Analysis or Deaths 


Cause of Death 

Days after Injury 

Total 

1 

2 

3 

G 

10 

12 1 

17 

22 

Multiple injuries 

7 

1 4 

1 

i 


i 

1 



Fractuie of skull 

5 


1 






6 

Ruptured spleen 


1 


1 





2 

Bronchopneumonia 



2 






2 

Ruptuied intestine 



1 






1 

Myocardial failure 



1 






1 

Mediastinal emphysema 





1 




1 

Pulmonary oedema 

1 








1 

Lung abscess 






i 


1 

1 

Total 

13 

5 

6 

■ 

1 

■ 

n 

1 

29 
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nlono hits been seven' enough to cause death with autopsy findings nega- 
tive except for the fractured ribs. Adams reported two cases; Ralphs 
and Christopher each described single cases with the preoperative diag- 
nosis of intestinal obstruction; and Vandel recorded a case under the 
diagnosis of mesenteric thrombosis, perforation of the intestine, and rup- 
ture of the diaphragm. Two of these cases resulted fatally. Naz’s 
ease was caused by compression of the celiac plexus by a post-traumatic 
hematoma, but the autopsy also showed omphj'scma along the left side 
of the vertebral column, infiltrating the sympathetics. Irritation of the 
great splanchnic nerve, which arises from the sixth to the tenth thoracic 
ganglia near the head of the ribs, is the generalb' ascribed cause of this 
condition. Since any retention of gas or faeces favors ileus, attention to 
bowel stasis is imperative in the treatment of rib fractures. Prostigmin 
and spinal anaesthesia have their advocates. 

ASSOCIATED INJURIES 

Table Y is an analysis of the injuries associated with the fractures of 
the ribs. It will be noted that cerebral concussion is the most common 
serious injury, while the clavicle is the bone most frequently fractured. 

Table VI gives in a rough way an analysis of the cause of death in 
the twenty-nine fatal cases. 
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AN OPERATIVE PROCEDURE FOR THE TREATMENT OF 
HAMMER-TOE AND CLAW-TOE 


BY R. G. TAYLOR, M.CII., F.R.C.S., SHUFFIUM), RNGLAND 
From the Royal Infirmary, Slirjlidil 


Having from time to time experienced considerable difficulty in 
obtaining a good result from the Higgs or the Jones operation for hammer- 
toe, the author was led to devise an operative procedure, which has proved 
to be both simple to perform and uniformly successful as regards results. 

In order to obtain a successful result from an operation on a hammer 
toe, it is necessary that : 

1. The flexion contracture of the proximal interphalangeal joint 
be overcome. This can be done by an arthrodesis of this joint in good 
position. 

2. The fixation of the arthrodcsed bones be maintained until bony 
union has occurred. 

3. The toe be plantar flexed at the metatarsophalangeal joint. 
This position can be obtained by tenotomizing the taut distended tendons 
and by maintaining the toe in the plant ar-flexed position by means of 
adhesive strapping for three weeks. 

Considerable difficulty wa« experienced with the Higgs operation for 

hammer-toe for the following 
i reasons: “When shaping the 
proximal phalanx as a spike 
it often crumbles and becomes 
shortened. Even when the 
spike was formed considerable 
difficulty was experienced in 
forcing the spiked end of the 

1 


Fig. 1-A Fig. 1-B 

Dorsoplantar and lateral views, showing Kiischnor wiie in position. 
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proximal phalanx into t hr base of (lie second phalanx, as it became 
fragmented. In this way the arthrodesed surfaces came into very un- 
stable apposition. Moreover the toe becomes considerably shortened, 
thus pro-disposing to or aggravating hallux valgus if it already exists.” 

The objection to the Jones operation is that it is difficult to maintain 
the two arthrodesed ends of the phalanges in good position, until union 
lias taken place. 

The following operative procedure was devised to obviate these 
objections. — that is, to prevent shortening of the too, to immobilize the 
arthrodesed ends of the bone, to maintain the arthrodesed ends in position 
until bony union has occurred, and to maintain the whole toe in good 
position until the deformity is overcome. 

Under general or local anaesthesia, the usual dorsal elliptical or, 
preferably, longitudinal incision is made. The dorsal expansion of the 
extensor tendons is exposed and divided longitudinally over the proximal 
interphalangeal joint. The divided edges are held aside, and the proximal 
interphalangeal-joint surfaces are arthrodesed with a narrow chisel. As 
little bone as possible is removed. All the cartilage should be carefully 
excised. The toe is then straightened into a position almost vertical to 
the dorsum of the foot. It will be found that in this position the toe 
becomes straight, the plant ar-flexed distal part of the toe having been 
dorsiflexed into alignment with the dorsiflexcd proximal portion of the toe. 
A thin Kirschner wire is then introduced into the long axis of the toe, and 
the three phalanges arc threaded along the Kirschner wire, like a row of 
beads along a piece of wire. The direction taken by the wire can be 
easily controlled by opening up the arthrodesed joint when the point of 
the wire appears on the arthrodesed surface of the second phalanx. By 
previous measurement of the wire against the toe, excessive penetration 
of the wire into the head of the metatarsal can be prevented. The 
phalanges having been fixed by the Kirschner wire, the wound is closed by 
a few silkworm-gut sutures. It will be found that the Kirschner wire 
holds the toe as rigid as a rod. The long and short extensors of the toe 
are then tenotomized. The straightened toe can be easily plantar flexed 
at the metatarsophalangeal joint and held in this position by means of 
adhesive strapping. The wire is cut off almost flush with the distal end 
of the toe, about one-eighth of an inch being left projecting. The pro- 
jecting end is then surrounded by some gauze dressing. This immobiliza- 
tion is continued for three weeks, at the end of which the wire and strap- 
ping are removed. The patient can walk in three days. 

The author has used this operative procedure in at least twelve cases 
during the last eighteen months, and so far the results are excellent. 

The author is greatly indebted to his chief, Mr. F. W. Holdsworth, for allowing him 
both to carry out this work and to publish this report. 
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PSEUDOFRACTURES 

A Manifestation of Xon-Suppurative Osteomyelitis 

BY JAMES B. WEAVER, M.D., AND C. B. FRANCISCO, M.D., 

KANSAS CITY, MISSOURI 

From the Department of Orthopaedic Surgery, The University 
of Kansas Hospitals 

Roberts and Vogt 1 have recently reported twelve eases of a new clini- 
cal entity to which they have given the name of pseudofracture of the 
tibia. This condition is described as a lesion always occurring in the 
upper third of one or both tibiae and characterized in the roentgenogram 
by a localized area of periosteal thickening and new-bone formation over 
what appears to be an incomplete V-shaped fracture of the cortex. The 
patients were children from four to sixteen years of age. with no signifi- 
cant history of injury, but with a history of some type of previous infec- 
tion in three instances. The symptoms consisted of mild to moderate 
pain and tenderness, and healing tended to be spontaneous. 

The following three cases observed by the authors illustrate that 
this condition is not confined to children and that bones other than the 
tibia may be affected, and add some evidence as to the etiology. 

Case 1. A boy, twelve year* of age, was admitted to the Hospital on February 
-S, 1030. In the fall of 1033, he had sustained a fall in which the right knee was in- 
jured. A “carbuncle” immediately 
developed on the injured knee, and 
the patient was confined to bed for 
five weeks. Complete recovery en- 
sued. In the fall of 1034, the boy had 
been active in athletics, and a “Char- 
ley -horse” developed below the right 
knee. He was “treated” by his coach 
and apparently recovered. In the 
fall of 1035, the patient’s father had 
noticed the boy limping, and inquiry 
-elicited the fact that pain and soreness 
were present below the right knee. 
These symptoms persisted in varying 
degree, and were present when the pa- 
tient was admitted to the Hospital, 
but they had never been so severe as 
to cause him to remain in bed. 

Physical examination revealed a 
tender area just below the right tibinl 
tubercle, apparently with some en- 
largement and roughening of the tibia 
in this area. The patient’s tempera- 
Fig. 1-A ture rose to between 00 and 100 de- 

Case 1. Right tibia before operation. grees Fahrenheit each afternoon. 
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I lip laboratoiy ropoilod that t lie* Wasscrmaiui and Kalin tests were negative, 
'/'lie leukocyte count was 7,S()f); ) he eryf limey fe rmint was .5,200,000; and the hemoglobin 
was SO per rent. The titer of staphyloeorrus antitoxin was zero. 

Tlie roentgenologist made the following report: “Approximately four inches below 
the upper epiphyseal line of the light tibia we see a zone of sclerosis extending transversely 
across the shaft. On all sides of the tibia adjacent to this zone there is heavy periosteal 
new bone. \\ e an* aware of (lie patient’s history. Regardless of this, roentgenographi- 
cally, the picture is that of an incomplete fracture which has healed.” (See Figure 
1-A.) 

An exploratory operation was done on Alarch 3, 1930. A section of bone was re- 
moved from the affected area. No pus was encountered. Cultures were taken from the 
bone marrow, but failed to produce a growth. 

The pathologist reported: “Histological section shows irregular trabeculae of bone 
which are comparatively normal. The bone marrow shows fibrillar connective tissue, 
and mononuclear leukocytes art' scattered throughout. In some places the bone tissue is 
hyperplastic. Diagnosis; Chronic osteomyelitis.” 

The wound healed pir primam , and the patient was dismissed on March 7, 1936. 
On December o, 1930, he returned to the Hospital. lie had had no symptoms in the 
right leg since leaving the Hospital, but for four weeks he had had pain in the upper left 
tibia. 

The laboratory report was essentially the same as on the first admission. 

The roentgenologist reported: “The upper left tibia shows an area of bone absorp- 
tion, poorly circumscribed, showing on its superior aspect a moth-eaten area, with ex- 
tensive adjacent periostitis |Fig. 1-13]. The picture is definitely that of a localized in- 
fectious process. We must now consider the pathology described in the right tibia nine 
months ago to he of the same origin although a roentgenogram shows no residue at present.” 

An exploratory operation was done on December S, 1930. An area of bone necrosis 



Fig. 1-B 

Case 1. Both tibiae nine months after Fig. 1-A. The left shows a beginning 
pseudofracture line and a small area of bone necrosis. The right is healed. 
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was found, but pus was not encountered. Cultures taken from tbe bone marrow later 
proved to be negative for growth. 

The pathologist again made a diagnosis of chronic osteomyelitis from the histological 
picture. 

The patient’s recovery was uneventful with immediate relief from symptoms. 

Case 2. A man, twenty-three years old, was admitted to the Hospital on April 21, 
1938. In the fall of 1933 this patient had been kicked below the left knee in a football 
game and had sustained a laceration. This had become infected and had drained several 
weeks before healing. No further difficulty had been experienced until January 193S, 
when the patient began to have dull pain below the left knee. Swelling and tenderness 
were present in this area, but the patient remained ambulatory. The symptoms had 
progressively subsided for one month previous to admission. 

The laboratory reported that the Wassermann and Kahn tests were negative. The 
leukocyte count was 7,100; the erythrocyte count was 4,S50,000; and the hemoglobin was 
S2 per cent. The titer of staphylococcus antitoxin was zero. 

The roentgenologist reported: “We demonstrate what is considered to be the residue 
of an old fracture in the upper third of the tibia. There is bone proliferation along a 
barely discernible fracture line and cortical new-bone formation on the posterior aspect 
of the tibia in the area of the fracture, which has healed perfectly." (See Figure 2.) 

Since this patient’s symptoms were subsiding, he was dismissed. Six months later 
he reported that he had been symptom-free for three months. 


Case 3. A male, twenty-two years old, a college student, was seen as an out-patient 
on December 12, 1938. lie complained of pain and tenderness over the right lateral 
malleolus of two weeks’ duration from no known cause. This patient was a candidate for 


the track team and had been running regularly all fall. 

Examination showed swelling and tenderness over the right lateral malleolus. A 



Fig. 2 


Case 2. Left tibia, showing a barely discernible fracture 
line and cortical new-bone formation. 


roentgenogram (Fig. 3-A) 
was reported as negative. 

Hot packs were ap- 
plied to the ankle, with 
little relief. The patient 
continued in school, but 
ceased track work. A 
second roentgenogram 
(Fig. 3-B) was taken on 
January 20, 1939, and the 
roentgenologist reported 
as follows: “There is evi- 
dence of an old fracture 
approximately three cen- 
timeters from the lower 
end of the right fibula, 
which has healed with ex- 
cess callus. A previous 
plate was reported nega- 
tive for injury. In look- 
ing back at the old plate 
we still cannot discern a 
fracture line." 

The patient remained 
ambulatory, and symp- 
toms entirely subsided 
about April 1, 1939. On 
May 15, 1939, the patient 
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Fig. 3-D 

Case 3. Left, knee on May 15, 1939, showing pseudofracture of upper fibula. 



Fig. 3-E 

Case 3. Roentgenograms on May 31 , 1939. 

Right ankle: Healed pseudofracture of lower fibula. 
Left knee: Pseudofracture of upper fibula. 
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again reported with p:iin over the head of the left fil)uln of one month’s duration. 
Oedema and tenderness were present over this area. Roentgenograms (Fig. 3-D) were 
taken, and tin 1 report was as follows: “There is periostitis with a pseudo fracture line, 
indicative of a peculiar type of osteomyelitis at t he upper end of the left fibula. This is 
undoubtedly the same type of pathology previously described in t he lower end of the 
other fibula." 

This patient gave no history of infection with the exception of frequent attacks of 
sore throat and the “flu”. 

Since the history, physical findings, and progress of these interesting 
lesions in no way conflict with a definite histological picture of infection, 
the authors are personally convinced that the so-called pseudofractures of 
Roberts and Vogt are a type of non-suppurative osteomyelitis. The 
roentgenogram of the second lesion in Case 1 also lends credence to this 
view. 

A causat ive organism was not found. However, the fact that in two 
of these cases no staphylococcus antitoxin was found in the blood is some 
evidence, but not proof, that the staphylococcus is not at fault. 

The authors’ very limited experience would indicate that decom- 
pression of the affected bone promotes more rapid healing and prompt 
alleviation of symptoms. 

1. Roman's, S. M., and Vogt, E. C. : Pseudofracture of the Tibia. J. Bone and Joint 
Surg., XXI, SOI, Oct. 1930. 
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A METHOD OF FIXATION FOR FRACTURE 
OF THE CLAVICLE’ 

BY GORDON MURRAY, M.B., F.R.C.S.(eNG.) , TORONTO, ONTARIO, CANADA 
From the Toronto General Hospital 

The numerous methods of fixation for fracture of the clavicle have 
been ineffective in our hands in many cases. Most of the methods 
described will hold a fractured clavicle in moderately good position when 
the splints or supports are applied tightly enough. However, the pressure 
necessary to hold the fragments in good position is frequently too great, 
with the result that the pain and discomfort are so intense that the patient 
either removes the bandages and supports or demands their removal. 
In spite of this, practically all fractures of the clavicle unite, even though 
the fragments are not in good anatomical position, and the functional 
results are good. The cosmetic and anatomical results frequently, how- 
ever, are very disappointing, especially in women. Even in men. the 
depressed shoulder with the shortened clavicle is not a desirable end result. 

Considering these points, an effort was made to improve the treat- 
ment of fracture of the clavicle. In books on anatomy it is indicated that 
the clavicle has a cortical shell, but its interior is not very well described. 
In order to learn more about this, the author divided the clavicle in 
longitudinal, oblique, and transverse directions and examined its structure. 
The cortical shell was found to be thickest at the middle third of the bone 
and to remain as a strong cylinder except for the medial half inch and the 
lateral inch. At these points, the shell became thinner, and, finally, the 
circumference at both ends was represented by an extremely thin plate 
of bone on the surface (Fig. 1). The interior of this cortical shell was 
filled with light cancellous bone with some lamellae running longitudinally 
and others crossing obliquely. These trabeculae were attached to the 
cortex b} r minute cone-shaped tubercles. The depressions between 
these tubercles were large enough, so that the point of a sharp instrument 
passing down the lumen might catch in one of them, which might prevent 
its passage onward. The general shape of the cortex of the bone, therefore, 
was a strong, moderately curved, central cylinder, which had a f airly large 
funnel-shaped medial end and a more flattened funnel at the lateral end. 

The author was impressed with the possibility that, if a moderately 
flexible steel wire were started through the thin funnel-shaped cortex at 
either end, it might be directed into the central cylindrical part, and that 
this shell of bone might guide it around the curves through the length of 
the lumen. If this hypothesis were true, and if a fracture of the clavicle 
were accurately reduced, a wire passed in this fashion might give adequate 
internal fixation of the fragments. During many trials on cadavcra, 
when a wire was passed through the thin cortex at the inner or outer end 

* Received for publication on Febiuary 29, 1940. 
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of (he .shell and directed toward the central part, it was guided by the 
funnel-shaped end into the central cylinder. On reaching this, it fol- 
lowed the curves and stayed within the cortical shell until it reached some 
point fairly near the opposite end. As most fractures of the clavicle with 
displacement* occur somewhere in the central half of the bone, it was 
thought that this form of fixation might apply to most of them. 

The question arose as to whether a thin wiie that would follow the 
lumen would give ade- 
quate fixation of the 
fragments. If there 
was much lat eralst ress 
on the clavicle, such 
as might be required 
to hold up the shoul- 
der, according to the 
current theory of the 
function of the clavicle, 
it obviously would 
be inadequate. Sub- 
sequent observations 
demonstrated that 
even the thinnest wire 
. that could be passed 
provided sufficient 
fixation, and that there 
was little, if any, lateral 
stress on the wire at 
the fracture site, tend- 
ing to bend it. 

In twenty-nine p IG- j 

cases of fracture of Longitudinal section of the clavicle in horizontal and 
the clavicle observed veitical planes, showing a thick cortical bone m the cential 
i • .1 * *i pa it, which becomes thinner towards the ends. The 

during the last three lumen is filled with cancellous bone. 

years, there have been 

only three in which the fracture was not comminuted and in which three 
or more fragments could not be identified. Most articles and textbook 
descriptions of this lesion do not mention this. In the previous methods 
of treating this fracture, this point has had little attention. However, 
when one tries to obtain perfect reduction, the presence of a third and 
fourth fragment frequently is quite an obstacle. In several of the author’s 
cases a third fragment was found lying transversely between the other two, 
preventing accurate reduction. In one instance a moderately large third 
fragment was discovered pressing on the deeper surface of the skin. 
Under general anaesthesia it was impossible to manipulate this back into 
position; therefore, to prevent ulceration through the skin, open reduction 
was done. On this occasion the method of internal fixation to be de- 
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Fig 2 

Roentgenogiams show ing comminuted fiactuie of the clavicle with reduction 
and fixation by a Knschnei w ire and bony union w ithout dcfoi nnty 


scribed was employed quite satisfactorily, and the third fragment nas 
replaced in its noimal position. 

A few r attempts at reduction have been made under local and block 
anaesthesia, but in most cases reduction has been done under general 
anaesthesia In reducing these fractures, many obstacles have been 
encountered Even with block-and-tackle traction on the arm it has 
been with the greatest difficulty that an accurate reduction has been 
obtained in some cases. A method of taking lateral roentgenograms of 
the clavicle has been developed; these, together with the anteropostenoi 
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vi<‘\v. j»i v»* better indication- of (lie riirritu<M m tin liacture, Ihoroby 
enabling more ini «*llii»«*nt m:ini])iil:i(ioii In m nu **i 'In < .i-c.- it lias been 
pns-ible to place tin' fr:»ixm<‘n1 ^ accurately n >.■ m 1 id itumship, but in 
quite a number we have been able to re-ton* mi 1 ' i 1 • ilmnmenl and length 
and have been unable toobtain peifect redo* too "i" * i d clavicle forceps 
with smooth surface*- are n-cd to a— i-t in mi i'mg the fragments. 


The reduction i*- not difficult if 
undertaken before much swell- 
ing has occurred; later on it i- 
much more difficult to gra*-p 
and to manijmlate the fragments. 

When a satisfactory re- 
duction has been obtained, the 
field is prepared and a quarter- 
inch incision is made over tin* 
subcutaneous surface, one inch 
from the inner end of the 
clavicle. Through t his. a hole, 
a quarter of an inch in diam- 
eter, is drilled in the thin 
cortex. The direction of the 
drill is gradually changed from 
the perpendicular until it 
points toward the central 
cylinder. Through this hole 
a medium-sized Kirsclmer wire 
is passed. If it is started in 
the right direction, it always 
traverses the central cylinder 
and passes across the fracture 



Fig. 3 

Showing ability of the patient to abduct the 
arm without pain on the morning following fixa- 
tion of the fragments by a Kirschner wire. 


line into the distal fragment, 

provided the reduction has been satisfactory. Occasionally, in the eailier 
cases, considerable difficulty in starting the wire in the light diiection was 
experienced; how'ever, w r ith practice it has become quite easy to accom- 
plish this. When the v T ire crosses the fracture line, the clavicle imme- 
diately becomes stable, and the arm, shoulder, and clavicle can be moved 
about quite freely without any displacement of the fragments. Undei the 
fluoroscope, the movements of the shoulder and arm are seen to cause 
slight springing of the wore at the fracture line, but on no occasion has 
the w r ire failed to retain the fragments in good position. The w ire is cut 
short to allow it to disappear beneath the skin, and a small dressing is 
applied over the incision. In some cases the ware has been left protruding 
from the skin, but, because of its oblique course through the clavicle, there 
has always been some pressure on the skin, causing ulceration. It was 
found to be better, therefore, to place the wire beneath the skin. If for 
some reason it is to be removed later on, this can be done through a very 
small incision under local anaesthesia. This has been done without 
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difficulty on several occasions when the wire has become loosened or has 
pressed on the deeper surface of the skin. 

As soon as the patient is out of the anaesthesia, the arm can be elevated 
through a full range of movements with little discomfort (Fig. 3). No other 
fixation except a sling is required, and the patient is quite comfortable. 

In several cases when a satisfactory reduction of the fracture could 
not be obtained, an open reduction has been done. Through a short 
incision above the clavicle the ends of the fragments are placed in good 
position. The inner end of the outer fragment is then exposed, and a 
Kirschner wire is passed from this surface longitudinally through the 
outer fragment until it pierces the skin at the shoulder. The drill is 
changed to this end of the wire, and, after the ends of the fragments arc 
again placed in good position, the wire is passed in the reverse direction, 
so that it crosses the fracture line into the proximal fragment. This has 
held the fragments in ideal position in every case. It is very easy to do; 
it gives adequate fixation; it is much simpler than applying plates, screws, 
or transverse wires through drill holes; and it allows the wire to be removed 
with ease if necessary. 

An incision, a quarter of an inch long, over the fracture, just large 
enough to admit a small curved elevator, has been used to facilitate reduc- 
tion in some of the difficult cases. 

During the past three years twenty-nine cases have been treated by 
this method. In each case the fragments have united in good position (Fig. 
2). There have been no complications or infections in any of the cases. 

The difficulties of this operation have been discussed, and in the hands 
of careless operators there might be grave dangers. By rough and careless 
manipulation of fragments the subclavian vessels, the brachial plexus, 
and the apex of the pleura and lung might easily be injured. It is im- 
portant also to know that the wire is traveling longitudinally through the 
clavicle. In careless hands it might easily pass posteriorly and injure the 
structures already mentioned. There is a fair margin of safety, however, 
because, with the shoulder drawn forward, which separates the clavicle 
from the region of the first rib, these important structures arc fairly” well 
away from the position where they might be injured. The subelavius 
muscle with the attachment of the costocoracoid membrane and other 
fascial planes to the deeper surface of the clavicle also provides a safety 
zone, separating the clavicle about half an inch from these structures. 

As in the earlier days of the Smith-Petersen nail, when there were 
many difficulties and dangers which now have been overcome as more 
experience has been gained, so probably in the future the difficulties with 
this form of treatment will be overcome and improvements in this method 
of fixation of the clavicle will be devised. 

It is intended to apply this principle of passing wires longitudinally 
through the lumen to fractures of other long bones. Those bones with a nar- 
row medullary cavity, like the radius, the ulna, and the fibula, would seem 
more suitable than those with a larger cavity, such as the femur and the tibia- 
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PHOTO-ELASTIC STUDIES OF BONE FORMS* 


1!V HUNKY MII.CH. M.I)., F.A.C.S., NEW YORK, N. Y, 

Attending Orthopaedic Surgeon, Riverside Hospital 

Recent years have witnessed wide application of the principles of 
photo-elastic analysis to the problems of modern engineering. When this 
came to the attention of the writer, a natural curiosity as to the value of 
the method in orthopaedic problems was aroused. Though this investiga- 
tion seemed to ho original, further search revealed the fact that a tenta- 
tive suggestion for such a study of bone stresses had previously been made 
by Alexander '. An effort to discover the results ofanysuch work has been 
fruitless. 

Briefly, photo-elastic analysis depends upon the fact that the poly- 
merized phenyl formaldehyde resins become birefringent under stress. 
During this period they acquire some of the properties of “temporary 
crystals”, in which the molecular structure is reoriented along the lines of 
stress. These lines of stress are visualized under polarized light. If white 
light is used, the stress pattern presents a fascinating display of the colors 
of the spectrum, which, when photographed, appear as alternating bands 
of light and shadow. The use of monochromatic light does not alter the 
stress pattern, either qualitative!}' or quantitatively. 

Though these birefringent resins do not even closely resemble steel, 
engineers have found that the stress patterns in one are closely related to 
those in the other substance. Resinous models of the object to be studied 
have been made and stressed. By an appropriate technique, these stress 
lines have been calibrated and a complete mathematical statement of the 
actual internal stresses of the original object have been determined. This 
has been done experimentally in engineering problems, which are so 
complicated that even theoretical calculation of the stresses has been 
found impossible. Up to the present, the method has had the serious 
drawback of permitting only two-dimensional studies. Recently, how- 
ever, Hetenyi 2 discovered that the stress pattern could be “frozen” by 
heating and then slowly cooling the model. He has shown that the 
surface model presented the same stress pattern as the sectioned three- 
dimensional model. Not only did this permit more leisurely analysis 
of the surface design, but it also permitted study of the internal stresses, 
so as to give a three-dimensional concept of the effect of the applied 
force. 

By analogy it seemed reasonable to inquire whether the same method 
might not be applied to the study of bone stresses. It was recognized at 
the outset that the difficulties to be encountered might be even greater 
than those met with in technological problems. In the first place, bone is a 

* Submitted for publication on December 23, 1939. 
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biological structure composed of different tissues and does not present a 
homogeneous crystalline material, whose physical properties can be de- 
termined as for other materials. In the second place, the physical proper- 
ties of any given bone may be expectexl to vary from time to time under a 
variety of undeterminable biological conditions. In the third place, the 
shape of the bone must be considered to be the result of a series of forces 
acting in different combinations and under varying conditions of mechan- 
ical efficiency. 

On the other hand, some mitigation in the complexity of the problem 
was found in the fact that from its biological behavior in response to stress, 
the internal structure of the bone could be accepted as indicating the 
resultant of the forces under which it had developed. It was felt that, if a 
sufficiently constant and similar stress pattern could be demonstrated in 
bone models, some conclusions might be drawn as to the relationship be- 
tween bone configuration and the applied forces. Necessarily the deter- 
mination of actual stress values would depend upon the development of a 
formula for correlating the stress pattern of the model with the internal 
anatomy of the bone. Because of the present lack of any such data, only 
rough general impressions can be noted. Yet even these seem to suggest 
that the method may hold some promise in the study of bone reaction to 
normal or abnormal stress. Particularly if pursued in a quantitative 
manner, photo-elastic analysis may throw some light on the normal archi- 
tecture of the osseous sj^stem and may serve to explain or forecast the effect 
of surgical modifications of the osseous structures. 

In general, it may be noted that bones are subject to two main types 
of forces: (1) a gravitational force, due to the superimposed body weight, 
and ( 2 ) a muscular force, exerted by the surrounding and attached 
muscles. Study of the latter force is extremely complicated, because of 
the facts that it is impossible to estimate the actual power of any given 
muscle and that at anj r moment each muscle may have totalty different 
components, as a result of changing position. Preliminary observations 
on the effect of tension on the plastic model indicate that a distortion of 
the stress pattern may be accomplished by this means. But whether or 
not this method will suffice for the analysis of the effect of muscle pull on 
bone must be determined by other studies. 

Up to the present, onlj r a few observations on the effect of compressive 
forces have been made. They are presented not with any feeling of 
finality, but in the hope that they may spur others on to evaluate this 
principle of study. For purposes of economy, the older, two-dimensional- 
surface method was employed. Flat plates of catalin, three-eighths of an 
inch thick, were used. At a later date it is hoped to make three-dimen- 
sional-scale models, so as to avoid the possibility of a stress distortion, 
due to bending of the model. Though it cannot be definitely excluded, 
the effect of bending does not appear to have had any important part m 
the production of the stress patterns. 

Instead of using Nicol prisms, the less expensive polaroid was 
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FlC. 1 

_ Si ic.'' 1 ' pal torn of tlio upper t'lul of (lie femur. 

Note the longitudinal arrangements of the 
stress fines, with intemiption near the site of 
the epiphyseal lines of the neck and the 
greater trochanter. 

mount <‘(1 in frames and served the 
purpose of polarizing the light rays. 

Models of a normal femur, an osteoto- 
mized femur, an os ealeis, and a whole 
foot were made in eatalin, from roent- 
genographic outlines. After being 
annealed, these forms were subjected 
to tensile and to compressive forces in 
a simple apparatus designed by Mr. 

Jerome Gross. 

When the outline of the normal 
femur was compressed, several inter- 
esting phenomena were observed (Fig. 

1). In the first place, the arrange- 
ment of the lines of stress was found 
to be markedly reminiscent of the 
trabecular structure seen on longitudi- 
nal section of the femur. When the 
model was tilted first to one side and 
then the other, so as to simulate the conditions of adduction and abduc- 
tion, under weight-bearing, these stress lines shifted so as to resemble 
first one and then the other of the longitudinal trabecular systems. The 
curvature of these longitudinal 
stress lines varied somewhat 
with the length of the model 
used, the longer models giving 
the better representation. In 
the second place, the stress 
lines seemed to run between the 
two points of compression and 
did not seem to radiate into the 
trochanteric region to any ex- 
tent. The greater number of 
stress lines appeared to be on 
the medial side of the shaft, 
toward the line of the mechani- 
cal axis of the normal femur. 

Fig. 2 

The stress pattern of a femoral model 
under compression and under tension 
at the sites of muscular attachments. 




Fig. 1 
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Fig. 3 

The stress pattern of the os calci», when the 
outline of the standing foot was completed at the 
upper surface of the astragalus. 


Ill the third place, the stress 
lines seemed to stop in an 
area which was situated 
close to the normal epiphy- 
seal zone. This stress pat- 
tern was repeatedly repro- 
duced. It could he modified 
by adding the element of 
traction to that of compres- 
sion. By means of holes 
drilled through the model, 
tension wires, to represent the 
trochanteric muscles, were 
attached and made taut In- 
fraction screws. The re- 


sulting distortion in the stress pattern is clearly seen (Fig. 2). 

To determine whether these were purely fortuitous occurrences, other 
bone forms were examined. A model of the heel bone was prepared and 
stressed in the usual manner, except that, instead of a two-point, a three- 
point application of the force to simulate normal weight-bearing was 
employed. Here, as in the case of the upper end of the femur, a note- 
worthy resemblance of the stress lines to the normal trabecular struc- 
ture of the os calcis was found (Fig. 3). In addition to the interesting 



Fig. 4 Fig. 5 

Model of a Lorenz bifurcation, with Model of a Lorenz bifurcation, with 
weight on the apex of the distal portion. weight on the femoral head. 
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sirens linos, a specially heavy shadow 
was found a( the hack of iho os 
oalois, situated in the, region and in 
the direction of tin* normal epiphyseal 
line. 

The close resemblance between 
the observed lines of stress and the 
known trabecular arrangement of 
normal bone naturally suggested the 
possibility of studying changes in bone 
form. It is common knowledge that, 
in growing bone, accidental changes 
in the axial alignment cannot be ex- 
pected to persist as in adult bone. In 
some instances, such as the spontane- 
ous correction of bow legs or the 
rectification of malaligned fractures, 
this tendency is benevolent. In other 
changes, such as occur after any of the 
various osteotomies, this tendency 
may be extremely disturbing. In a 
general way this has been recognized 
as a growth response to altered stresses, 
but no more detailed explanation has 
been offered. 

However, photo-elastic studies 
seem to offer objective data on this 
question. A model of a Lorenz bifurcation was made and stressed, first 
at the upper end of the distal fragment and then directly over the femoral 
head. In the former instance the stress lines were located mainly along 
the medial aspect of the femoral shaft (Fig. 4). In the latter instance 
the stress lines shifted mainly toward the outer aspect of the bone, in 
the direction in which the mechanical axis of the femur had been displaced 
(Fig. 5). An almost identical situation was noted when a model outlined 
from a roentgenogram showing a Schanz osteotomy was stressed under 
identical circumstances (Fig. 6). Though the general longitudinal arrange- 
ment consistent with a two-point application of force persisted, the ma- 
jority of the stress lines were located along the lateral border of the femur. 
The area at the base of the trochanter showed typical stress lines, while 
the region of the lesser trochanter showed few, if any, signs of stress 
orientations. 

This seemed to indicate the importance of the concept of the me- 
chanical as compared with the anatomical axis of the bone. It tended to 
explain the deposition of bone on its concave side. In those cases in 
which the mechanical axis lies outside of the anatomical axis, there is a 
shifting of the stress to the outer side. In consequence, bone is laid 



Fig. 6 

Stress pattern of an osteotomized 
femur (Schanz type). 
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down along this surface and the femur tends to lie converted back to a 
straight line. When the mechanical axis lies medially, the same process 
takes place, and may be recognized by the thickness of the inferior border 
of the femoral neck along Adam’s bow. Indeed, it is only the concomitant 
increase in length of the femoral neck which prevents the conversion of the 
femur into a straight rod. In other words, if it can be assumed that the 
lines of stress seen in the model do or can be made to represent the actual 
loading conditions of a bone, the photo-clastic appearance of those lines 
present experimental confirmation of both Roux’s and Wolff’s laws of bone 
growth and transformation. 

It is hardly necessary or at all possible to indicate the variety of 
clinical and theoretical problems which may be submitted to analysis 
by this method. The experience of the engineering profession indicates 
quite clearly that by means of calibrated instruments and a technical 
knowledge far beyond the writer's capacities, a complete and accurate 
quantitative estimation of internal stress can be obtained. 

However, even the qualitative observations here reported may be of 
value in indicating the power of the method in the approach to bio- 
mechanical problems. They seem to present an experimental means of 
studying the relationship between the form and the function of osseous 
structures. They indicate that, from a study of the stress pattern, some 
light may be cast upon the significance of various forces in determining the 
configuration of the bone. They show how and why the surgical modifi- 
cation of the form of a bone, and particularly of growing bone, undergoes a 
secondary change in response to the new stresses. They suggest that with 
fuller knowledge the ultimate form of the osteotomy may be made to 
occur along predetermined lines of stress. 
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“DORSAL BUNION”: ITS MECHANICS AND OPERATIVE 

CORRECTION * 
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“Dorsal bunion” is t ho term suggested for a pathological condition 
of the big toe, consisting of a plantar-flexion contracture at the metatarso- 
phalangeal joint with a more or less pronounced dorsiflexion contracture 
of the first metatarsal at the cuneiform joint. 

The “bunion ” in the majority of cases is caused by dorsal protrusion 
of the head of the first metatarsal as a result of the dorsiflexed position 
of this bone. The writer wishes to give especial emphasis to the latter 
component of this deformity, as the faulty position of the first metatarsal 
is frequent]}’' overlooked in spite of the fact that it plays an important 
part in the deformity and in its correction. That is why simple removal 
of the dorsal exostosis, or resection of the basal phalanx (Davies-Colley, 
Keller, Braudes) recommended by Hohmann, or any other operative pro- 
cedure without correction of the 
faulty position of the first meta- 
tarsal usually results in a prompt 
recurrence of the deformity. 

With the exception of Hoh- 
mann’s classic book, “Fuss und 
Bein ’’, the author has been un- 
able to find any satisfactory 
description of this deformity in 
the literature. In the second 
edition of his book, Hohmann 
discusses what he calls “Ham- 
merzehen-Plattfuss” (hammer- 
toe-flat-foot). His suggestions 
as far as the treatment is con- 
cerned are rather vague. 

The hammer-toe deformity 
of the big toe, or hallux malleus, 
consisting of a dorsiflexion con- 
tracture at the metatarsophalan- 
geal joint with a plantar-flexion 
contracture at the interphalan- 
geal joint, is exactly the opposite 

* Received for publication on October 24, 1939. 
t Service of Leo Mayer, M.D. 



Fig. 1 

Feet of a man, twenty-one years old, with 
multiple hammer toes and hallux malleus. 
Note the heavy callosity over the knuckle of 
each big toe. 
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deformity of dorsal bunion and should not be confused with it 
(Fig. 1). 

ETIOLOGY 

Dorsal bunions may be divided etiologically into four groups accord- 
ing to the type of associated deformity: 

1. In cases of hallux rigidus; 

2. In paralytic deformities of the foot (flaccid and spastic); 

3. In congenital club-foot ; 

4. In severe congenital talipes planovalgus. 


In Hallux Rigidus 

Usually there is restriction or even complete loss of dorsi flexion of 
the basal phalanx, due to shrinking of the plantar part of the joint capsule 
and also because of incongruity of the articular surfaces. Often there is 
pronounced production of bone on the dorsum of the head of the first 
metatarsal, causing bone block. 

In the more advanced cases (Fig. 2) actual dorsiflexion of the first 
metatarsal takes place in the following manner: 

Dorsiflexion of the big toe is painful, and, therefore, the patient 
subconsciously keeps the big toe in plantar flexion at the metatarso- 
phalangeal joint. He also holds the forefoot in slight supination, in 
order to avoid weight-bearing on the ball of the big toe. In time a 
fixed plantar-flexion contracture of the big toe develops. The nomial 
medial weight-bearing point beneath the sesamoids of the first metatarsal 
is now shifted forward to the plantar aspect of the interphalangeal joint., 
A heavy callosity is often noted beneath the latter joint, while the skin 

of the ball of the big 
toe becomes unusu- 
ally soft. The proxi- 
mal phalanx of the 
big toe loses its nor- 
mal horizontal po- 
sition; its head is 
pushed against the 
ground, while its base 
is elevated. The im- 
pact of the ground 
against the plantar- 
flexed basal phalanx 
is transmitted to the 
head of the first meta- 



Fig. 2 

Dorsal bunions in a case of bilateral hallux rigidus in a 
man, twenty-seven years old. Considerable plantar- 
flexion contracture at the first metatarsophalangeal joint 
is present. Note also dorsiflexed attitude of the first 
metatarsal, so that the ball of the big toe does not touch 
the ground. 


tarsal, tending to dis- 
place this head dor- 
sally. Moreover, the 
continuous contrac- 
tion of the supinators 
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of t Iio foot (mainly (Ik* tibialis ant prior) contributes further toward 
dorsal displacement of the first metatarsal. 

In Paralytic Deformities of the Foot {Flaccid and Spastic ) 

The paralytic dorsal bunion may be caused by at least three differ- 
ent combinations of paralyzed muscles: 

1 . Weakness of the pcronci with a strong tibialis anterior and strong 
flexors of the big toe: Because of the varus position in these cases, the fore- 
foot is deprived of its medial weight-bearing point beneath the sesamoids 
of the big toe. Furthermore, a strong tibialis anterior brings the first 
metatarsal into dorsiflexion, particularly since it is not opposed by the 
action of the pcroncus longus, which is a plantar flexor of the first meta- 
tarsal. In an attempt to create a new medial weight-bearing point, 
the patient bends the big toe downward, using its strong flexors. Thus 
favorable conditions for dorsal-bunion formation are created. 

The author has observed several cases where a dorsal bunion was 
formed following transplantation of the peroneus longus by the intra- 
sheath method (Mayer) into the tendon of the paralyzed tibialis anterior 
(Figs. 3-A and 3-B). The transplanted tendon of the peroneus longus 
became overactive, causing supination of the forefoot and dorsiflexion 
of the first metatarsal, with development of a dorsal bunion. 

Dorsal-bunion formation in cases of 
spastic paralysis with overactive supinators 
of thefoot and flexors of the big toe, as shown 
in Figure 4-A, needs no further comment. 


Fig. 3-A 

Calcaneus deformity following anterior poliomyelitis in a boy, sixteen years old. 
Transplantation of the peroneus longus into the tibialis anterior had been per- 
formed elsewhere several years before this photograph was taken. A dorsal bunion 
formed as a result of overactivity of the transplanted peroneus longus, which at 
operation was found to be considerably hypertrophied. 



Fig. 3-B 
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2. Weak dorsiflexors of the fool and Iocs with strong plantar flexors 
of the big toe and strong calf muscles: In those cases the plantar flexors 
of the big toe prevail, being unopposed by the dorsiflexors. The big toe 
gradually forms a plantar-flexion contracture at the metatarsophalangeal 
joint. The base of the proximal phalanx subluxates plantarward under 
the head of the first metatarsal and pushes the latter dorsally, causing 
dorsiflexion of the first metatarsal, and a dorsal bunion is formed. 

In this group of cases, the same deformity as in the first group is 
produced, but in a reversed sequence of mechanical forces. In the first 
group, with strong dorsiflexors, the dorsiflexion of the first metatarsal 
develops first, followed by a plantar-flexion contracture of the big toe. 
In the second group, with weak dorsiflexors and strong plantar flexors, 
the plantar-flexion contracture of the big toe is apparently the primary 
deformity with the dorsiflexion of the first metatarsal developing as 
a secondary condition. 

3. Calcaneits deformity with active plantar flexors of the big toe: The 
patient belonging to this group uses the flexor hallucis longus as an ac- 
cessory plantar flexor of the foot. At the same time, a plantar-flexion 
contracture of the big toe is produced, and this may lead to dorsal-bunion 
formation, as already outlined. 



Fig. 4- A 

Left dorsal bunion in a boy, twelve years old, with spastic paralysis. The left 
gastrocnemius, tibialis anterior, and flexors of the big toe were overactive. Note the 
prominence of the tendon of the left tibialis anterior. Considerable dorsiflexion of 
the first metatarsal was present. (Private case of Dr. M. S. Burman, who performed 
the operation with the author’s assistance. The author is indebted to Dr. Burman 
for his permission to use this case.) 
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\ amble combinations of these three major types of muscle weakness 
loading to <lnrsnl-lnmion formation may be observed. 

In Congenital Club-Foot 

Mechanical factors responsible for dorsal-bunion formation occa- 
sionally seen in congenital club-foot where t lie supination of the forefoot 
has not been adequately corrected are similar to those already described 
in cases of paralytic talipes varus. (Fig. 5) 

In Severe Congenital Talipes Planovalgus 

This is rather a rare deformity, probably of congenital nature. The 
main features observed in this typo of foot are a short Achilles tendon 
and plantar flexion of the os ealeis and the talus, the long axis of the latter 
often approaching a vertical line. The forefoot, on the contrary, is held 
dorsiflexed in the mid-tarsal joints. All of these create a so-called 
“rocker-bottom” deformity of the sole. On the whole, this type of 
foot bears a close resemblance to the foot of the ape.* 

Furthermore, Bohm has shown that the foot of a human embryo 

* This resemblance is so striking that Prof. F. Weidcnreieh, the well-known anato- 
mist and paleontologist, and author of numerous works on comparative anatomy and 
evolution of the foot, at a first glance mistook the lateral roentgenogram of the feet 
shown in Figure 7-B for those of a gorilla. 



Fig. 4-B 


Same case after operation performed on April 19, 1932. The head of the first 
metatarsal now rests on the ground. Flexion of the big toe and the dorsal bunion 
have been entirely corrected. 
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Fig. 5 


Dorsal bunion in inadequately corrected congenital club-foot. Note dorsifloxion 
of the first metatarsal and also of the first cuneiform. Fusion of the calcaneocuboid 
joint is the result of a previous reconstruction operation. 

at the beginning of the third month also possesses many of the features 
noted in congenital flat-foot and in the foot of the ape. 

The author, therefore, believes that the occurrence of congenital fiat- 
foot may be explained on the basis of arrest of its embryonal development 
in the early ape-like stage. 

Most probably the dorsal bunion in these cases is a secondary condi- 
tion, developing after the child begins to walk. The author ventures to 
offer the following explanation for dorsal-bunion formation in this group. 

The short Achilles tendon calls for the compensatory overactivity 
of the dorsiflexors of the foot, mainly the tibialis anterior. Contraction 
of the latter muscle gradually leads to dorsiflexion of the first metatarsal. 
Thus, conditions are created which favor formation of the dorsal bunion 
in a manner already outlined. 

The writer has had the opportunity of operating upon only one pa- 
tient belonging to this group (Figs. 7-A through 7-D). 

DESCRIPTION OF THE OPERATION 

In cases of severe dorsal bunion the following operation is offered. 

The operation is performed under a tourniquet applied at the middle 
of the calf. A longitudinal incision is made over the dorsomedial aspect 
of the big-toe joint. The dorsal capsule of the first metatarsophalangeal 
joint is exposed, and a dorsal tongue-shaped flap, with its base attached 
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Composite, somewlint 
srlicni!iti7<'(l drawing of 
tlie operative torlinipue 
(actually made from t ho 
roentgenograms of Case 
D. S. ). S ol all (hr step* 
of (hr operation illustrated 
have hern used in each nf 
our cases. Shaded area 
over the hones represents 
the wedge resection. 

(': Capsule of the first 
metatarsophalangeal joint, 
shown by heavy black 
line. 

.•1.7'.: Tendon of tibialis 
anterior; .T7”: its stump, 
after transplantation. 

P.T.: Tendon of tibialis 
posterior. 

r.II.L: Flexor hallucis 
Iongus. In Fig. 6-B it is 
shown translocated on the 
dorsum of the foot through 
an oblique channel in the 
shaft of the first metatar- 
sal. 

P’ll’lJ : Distal stump of 
flexor hallucis Iongus. 

to the basal phalanx, is outlined (Figs. 6-A and 6-B). The joint cavity 
is opened by r reflecting this capsular flap distally. Usually a slight dorsal 
projection over the head of the first metatarsal requires shaving off. 

Another incision is made along the dorsomedial border of the fore- 
foot. The first cuneiform-metatarsal joint and, if necessary, the first 
cuneiform-navicular joint are exposed. In some cases (as in congenital 
talipes planovalgus) with an overactive tibialis anterior, the latter is 
detached from its insertion and translocated backward into the tendon 
of the tibialis posterior. Thus its dorsiflexion action upon the first meta- 
tarsal ray is eliminated. Also the leverage of the tendon of the tibialis 
anterior is diminished, due to backward shifting of its insertion nearer to 
the axis of motion in the tibiotalar joint. A wedge-shaped resection with 
a plantar base is then performed at the first cuneiform-metatarsal joint 
and, if necessary, also at the first cuneiform-navicular joint. The width 
of the base should be calculated with precision in each case in order to 
secure close approximation of the resected bone surfaces. 

In some of the author’s cases of dorsal bunion, following anterior 
poliomyelitis, dorsiflexion of the first metatarsal was associated with more 
or less marked metatarsus varus primus and hallux valgus. This addi- 
tional deformity can be simultaneously corrected according to the tech- 
nique described by the author in 1934. 

The flexor hallucis Iongus tendon is then severed from its insertion 
and is pulled out proximally into the wound over the forefoot. An ob- 
lique channel, running from the proximal plantar aspect to the distal dorsal 
aspect, is drilled in the shaft of the first metatarsal. The end of the flexor 
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Fig. 7- A 


D. S., male, nineteen years old. Anterior and lateral views of severe planovalgus 
deformity, probably of congenital type. Note 1 ockei -bottom deformity of soles, 
with marked dorsal bunions. 



Fig. 7-B 


D. S. Lateral roentgenograms before operation. There is marked dorsiflexion 
of the first metatarsal with dorsal displacement of the first cuneiform. The head 
and part of the neck of the talus are absent, and there are considerable productive 
osteo-arthritic changes in the talonavicular joint. The talocalcaneal joint appears 
to be ankylosed. The tibia is drawn forward toward the forefoot apparently by the 
overactive tibialis anterior. The os calcis is in slight plantar flexion. Note the 
rocker-bottom deformity caused by plantar convexity of the mid-tarsal joints. 
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Fig. 7-C 

I). S. About :i year after the npomtion, performed on July 6, 1938, showing 
satisfactory correction of tin* deformity. The hall of the big toe now rests on the 
ground. 



Fig. 7-D 


D. S. Roentgenograms after correction. The faulty position of the whole first 
ray is entirely corrected. Note that forward bending of the tibia is eliminated 
because of transplantation of the tendon of the tibialis anterior into the tibialis 
posterior. Thus the tension of the tibialis anterior has been released and the lever- 
age diminished, as its insertion is now shifted backward nearer to the axis of motion 
in the tibiotalar joint. (See Figs. 7-A and 7-B.) 
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hallucis longus tendon is threaded with a special tendon stitch and pulled 
dorsally through the bone channel into the wound over the toe. 

The author feels that this transplantation of the flexor hallucis 
longus tendon into the shaft of the first metatarsal should be considered 
in addition to wedge osteotomies, especially in paralytic cases with strong 
flexors and weak extensors of the big toe. This converts the flexor hal- 
lueis longus into a plantar flexor of the first metatarsal, and simultane- 
ously its plantar-flexion action upon the big toe is eliminated. 

Subcutaneous plantar tenotomy and capsulotomy are then per- 
formed over the metatarsophalangeal joint just distal to the sesamoids, * 
and the plantar-flexion contracture of the big toe is thoroughly corrected. 

The dorsal tongue-shaped flap is then resutured with enough redupli- 
cation (as in a double-breasted coat) to keep the big toe in a few degrees 
of dorsiflexion. The hallux valgus, if present, is also corrected by re- 
suturing the flap with somewhat more tension on its medial (tibial) side. 
The distal end of the transplanted flexor hallucis longus tendon is then 
anchored into the tongue-shaped flap and acts as passive reinforcement 
of the dorsal capsule. One or two stitches are taken through the tendon 
and the periosteum at the dorsal opening of the bone channel in order to 
prevent the displacement of the tendon before it becomes adherent to the 
bone. A loose plaster casing is applied. 

In about two weeks another unpadded walking plaster casing is 
applied, allowing dorsiflexion of the big toe, and the patient is gradually 
permitted to walk with crutches. This plaster casing is kept on for about 
two months. After that the patient is given well-fitted steel foot plates, 
and physical therapy is instituted. 

Since April 19, 1932, a total of six t patients have been operated upon 
by this method, with encouraging results. Four cases follorvcd anterior 
poliomyelitis; one was the result of spastic paralysis (Figs. 4-A and 4-B); 
and one belonged to the talipes planovalgus group (Figs. 7 -A through 7-D). 

COMMENT 

In conclusion, the author wishes to state that the dorsal-bunion 
symptom-complex may be a result of a number of variable ailments and 
deformities of the foot. 

The operative approach described is offered only as an outline for 
those who may attempt to operate upon these cases. The author wishes 
to emphasize the fact that each foot may present its own problems, and, 
consequently, the operation should be modified to fit each individual case. 

The author wishes to express his thanks to Dr. Leo Mayer for Iris friendly criticism 
of the manuscript. 

* In all our cases the capsulotomy was performed distal to the sesamoids without 
any untoward results. The author, however, sees no objection to performing the cap- 
sulotomy proximal to the sesamoids, thereby preventing their possible posterior dis- 
placement, the functional importance of which has been emphasized by Dr. D. J. Morton. 

f A seventh patient (post-poliomyelitis) has been operated upon only recently oy 
Dr. Leo Mayer, but this case is not included in this report. 
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ATROPHIC CHARCOT’S HIPS 

Report of Five Cases 

BY ARTHUR II. CONLEY, M.D., AND DONALD S. MILLER, M.D., 
CHICAGO, ILLINOIS 

Charcot's joints are not an uncommon finding in tabes dorsalis. The 
more common type, the hypertrophic joint reaction, has been described in 
detail in many early reports, while the less common variety, the atrophic 
group, has had little mention to date. 

Various theories as to the pathogenesis of this condition have been 
offered. Thomas and Ivudelski believe that a basic sympathetic condition 
is the cause of the disintegration of the joint. Obcrthur, Delbet and Car- 
tier, and Marinesco, Sager, and Kreindler are of the same opinion. Wile 
and Butler state that in every case involvement of the joints is associated 
with destruction of their afferent and proprioceptive nerves, rendering the 
joints unable to compensate for injury. Histological studies have been 
made by Moritz and Bologna, while the associated physiology has been 
described by Marinesco and Sager. Hamill reports a case in which 
trauma was the contributing cause of the condition. 

We are herein describing five cases of atrophic Charcot's hips, seen 
in the Cook County Hospital during a two-year period. In only one of 
these cases was the condition bilateral. There were three females and 
two males, and their ages ranged from forty to fifty-nine years. The dura- 
tion of the joint conditions preceding the diagnosis varied from one to six 
years. Diagnosis was made by clinical examination; each of the patients 
had a triad of positive symptoms with a positive blood or spinal-fluid 
Wassermann reaction. The blood Wassermann reaction was positive in 
four instances and negative in one. The spinal-fluid Wassermann reac- 
tion was positive in two cases and negative in three. 

All of the joints were painless with an undue amount of mobility, as 
in Case 1 (Figs. 1-A and 1-B). Roentgenograms revealed a characteristic 
loss of bone substance and diminished reaction rather than the prolifera- 
tive, irregular deposit of the hypertrophic type. In one instance — Case 1 
(Figs. 1-A and 1-B) — the head remained in the acetabulum, the entire 
neck being absorbed; in the remaining cases (Figs. 2, 3, 4, and 5) there was 
an entire absorption of the neck and head of the femur, the trochanter 
remaining clear of the acetabulum and completely out. of the joint. There 
seemed to be a slight thickening of the joint capsule, which receives the 
strain of the weight, in two cases, — Case 3 (Fig. 3) and Case 4 (Fig. 4). 
Shortening and instability were prominent in all cases. Among our cases 
of Charcot’s hips we have encountered several of the hypertrophic variety, 
and we are including a roentgenogram (Fig. 6) of one of these cases for 
comparison. A differential diagnosis from septic or tuberculous hip may 
easily be made. 
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The disability in all instances was so severe that modified bed rest 
was essential, with short periods of ambulation. At the primary exami- 
nation of the patient in our first case, an old fracture of the neck of the 
femur was considered. This was excluded in view of the positive Wasscr- 
mann reaction and the absence of pain in the joint. A diagnosis of Char- 
cot’s disease having been made, a Whitman reconstruction of the head 
was done with an excellent result. The patient, however, died of ag- 
gravated tabes dorsalis symptoms, cystitis, and pyelitis. Braces were 
applied in the other four cases. Since the nceessaiy constant care and 
reeducation in walking could not be given in a charitable institution, three 
patients were transferred to a convalescent home, where antibiotic treat- 
ment was given. 

Table I shows the sex and age of the patients, the duration of symp- 
toms, the treatment, and the results in the cases reported. 

CASE REPORTS 

Case 1 . \Y. R., male, aged fifty-two year.-, a clerk, stated that in Scptcmhci 1934 
he had noticed a “click” of the left hi]) while he was moving fiom one seat to another in a 
street car, which made a sudden stop. Since then he had complained of weakness, 
shortening of this extremity, and a limp. 

Roentgenographic examination (Fig. 1-A) at the Clinic of the Cook County Hospital 
on March 30, 1935, revealed marked absorption of the neck with pait of the head remain- 
ing. Physical examination revealed Aigyll Robertson pupils with loss of deep reflexes. 



Fig. 2 

Case 2. M. C. Roentgenogram showing marked absorption of head and neck 
of right femur. There is no bone reaction; the trochanter is riding high against the 
iliac area. 
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BeeaU'c the head was iti:i(lor|ii:tt o foi n Blackett opcmtion, a Whitman i econstruction 
operation "a-- doin', with an pm client ipsnlt (Fig 1-B) Seven daysaftci the operation a 
'-pptir tpmppiatnic and dclumm developed, and the patient went into a coma and died. 
The po't-moitem evuni- 
lintion ievealed infected 
diverticula of the hhuldei, 
w it h an u'eenchng p\ eliti', 
generalu’cd pel itomti-, 
bronchopneumonia, and 
luetic aoititi- 


C\m: 2. M ('.fe- 
male, aped fifty-one \ eai -, 
a housewife, m .bine 103(1 
had fii-d noticed a limp 
and 'welling of the light 
lnp A “he ivv feeling” 
of the leg' became con- 
stant and 'e\cre, and m 
October 1037 'lie 'ought 
help at the Clinic, where 
'lie gave a hi'toi v of ti eat- 
ment for hei “blood” at 
various time' 

Neurological e\ami- 
nation revealed the ab- 



Fig 3 

Ca«e 3 B K Roentgenogi am showing marked atiophy 
of neck and head of left femui 



Fig 4 

Case 4 M C Roentgenogram show mg marked atrophy of the head and neck 
of both femora There is some evidence of a scleiosis of the tiochanter and the 
adjoining iliac aiea This is the only bilateral case 
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boner of knot' jocks, n normal position sense, and a loss of the deep reflexes. The pupils 
reacted poorly to light, and accommodation. The blood Wassermann reaction was 3 
plus; the spinal-fluid Wassermann reaction was negative. 

The patient refilled surgery, and a hip caliper was ordered for support. At present 
she is in a sanatorium, her condition being unchanged. 

Cam: 3. B. K., female, aged forty years, n housewife, was admitted to the Cook 
County Hospital on May 2, 1937, with a fracture of the left femur. The leg was put up 
in Buck’s extension for two months. At the end of this period, there was marked 
shortening of the extremity, but no pain. (Sec Figure 3.) 

Neurological examination revealed a positive Abadie sign and a loss of deep sensa- 
tion. Argyll Robertson pupils were present. The blood Wassermann reaction was 3 
plus; the spinal-fluid Wassermann reaction was 2 plus. 

The patient refused surgery, and a brace was used. She continues to get around 
with crutches. 

Cask -4. M. C., male, aged fifty-nine years, unemployed, noticed a general short- 
ening of his body and a marked waddling gait, without pain. He entered the Clinic 
for treatment in April 1935. 

The blood Wassermann reaction was 3 plus, and the Kahn test was 4 plus. Physical 
examination revealed u short, peculiar, telescope-like appearance of the spine, the ab- 
sence of deep reflexes, loss of sensation, and the presence of Argyll Robertson pupils. 

The patient is receiving antiluetic therapy and gets around fairly well with the aid of 
crutches. This was the only bilateral case. 

Case 5. G. A., female, aged fifty-one years, a housewife, entered the Clinic on Jan- 
uary 2, 1935. She stated that in 1930 she had complained of severe “girdle pains” and 
“shooting pains” down the legs. Cordotomy was done in 1931, with relief of pain. The 
patient had then noticed a limp and swelling of the right hip and had experienced diffi- 
culty in walking. The spinal-fluid Wassermann reaction was 1 plus, and the Kahn test 


TABLE I 
Summary op Cases 


Case 

No. 

Name 

Sex 

Age 

(Years) 

Duration 

of 

Symptoms 

(Years) 

Tests for Syphilis 

Treatment 

Result 

Blood 

Spinal 

Fluid 

i 

W. R. 

Male 

52 

1 

+ + + 

| 

Whitman re- 
construction 
operation 

Death, due 
to compli- 
cations 

2 

M. C. 

Female 

51 

2 

+ + + 

■ 

Hip caliper 

Sent to san- 
atorium 

3 

. 

B. K. 

Female 

40 

1 

+ + + 

-j- -f- 

Buck’s exten- 
sion 

Hip caliper 

Sent to san- 
atorium 

4 

M. C. 

Male 

59 


+ + + 

— 

Antiluetic 

therapy 

Patient am- 
bulatory 

5 

G. A. 

Female 

51 

6 

— 

+ 

Hip caliper 

Sent to san- 
atorium 
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was negative. In 1934 a trophic ulcer of the left foot developed, and antiluetic treatment 
with heavy metal was instituted. 

The patient refused surgery and was sent to a sanatorium with a hip caliper for 
support. 


CONCLUSIONS 

The incidence of the atrophic variety of Charcot’s hips is not as un- 
common as one would suppose. The five cases reported occurred within a 
relatively short period of time. The diagnosis must be thought of when 
there is a triad of symptoms associated with an increased mobility of the 
joint and a positive blood or spinal-fluid Wassermann reaction. The 
treatment to date has been very unsatisfactory, although the administra- 
tion of heavy metals should be tried. Surgery was not of any assistance 
in our single case and is not advised except in certain isolated cases, par- 
ticularly when diagnosed very early. The prognosis for recovery, as well 
as for function of the joint, is poor. 
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OSTEOID-OSTEOMA: FURTHER EXPERIENCE WITH THIS 
BENIGN TUMOR OF BONE 

^ ITU SPECIAL REFERENCE TO CASES SHOWING THE LESION IN RELATION 
to Shaft Cortices and Commonly Misclassified as Instances 
OF SCLEROSING NoN-SuPFURATIVE OSTEOMYELITIS OR 

Cortical-Bone Abscess * 

BY HENRY L. JAFFE, M.D.. AND LOUIS LICHTENSTEIN, M.D., NEW YORK, N. Y. 

From t/ir Laboratory Division of the Hospital for Joint Diseases, New York 

In 1935, one of us (H. L. J.) 5 called attention, under the heading of 
oslcoid-o.slcomn, to a benign neoplastic lesion of bone which had apparently 
not hitherto been described. The article in question gave clinical, roent- 
genographic, and pathological details in regard to the five instances on the 
basis of which the condition originally became crystallized in the mind of 
the author. In a footnote, added when proof of that article was corrected, 
lie was able to state that he had already observed three additional cases of 
the condition. Not long after this, when he demonstrated the lesion at a 
meeting of pathologists, there were already eleven instances to report. 6 
Since then, twenty-two additional cases have accumulated, so that our 
total experience with the lesion now covers thirty-three cases. 

In the original article it was stated that, in the cases seen, the lesion 
began its development in spongy bone. Subsequent experience has 
shown that it can also start, if not within the substance of bone cortex, at 
least on its periosteal or medullary surface. In fact, our present thirty- 
three cases of osteoid-osteoma include thirteen instances in which the 
lesion developed in the shaft cortex of a long bone. These cases, like 
those in which the lesion was in spongy-bone areas, were misinterpreted 
clinically as instances of chronic osteomyelitis or of bone abscess. More 
particularly, the cases in which the lesion was in the shaft cortex had been 
misclassified clinically as representingso-called "sclerosing non-suppurative 
osteomyelitis’’ or else "intracortical-bone abscess”. It is mainly because 
of the wider conception of osteoid-osteoma opened up by these shaft- 
cortex cases that this second article is being presented. 

CLINICAL ASPECTS 

Sex and Age Incidence 

Of the thirty-three patients, twenty-two were males and eleven were 
females. There may be significance in this preponderance of males, but 
the number of our cases is really too small to permit statistical general- 
ization. 

As to the age incidence, it is clear that the disorder has a predilection 

* Read in part at the Annual Meeting of the American Orthopaedic Association, 
Kansas City, Missouri, on May 7, 1940. 
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for adolescents and young adults. We have age records on thirty of the 
thirty-three patients. It is striking that all but five of these thirty were 
between eleven and twenty-four years of age. Tabulation, by five-year 
periods, of the ages of the patients at the time of admission to the hospital 
shows the following distribution : 


Age 

No. of Cases 

Age 

No. of Cases 

1 to 5 

1 

21 to 25 

. . 9 

6 to 10 

0 

26 to 30 

3 

11 to 15 

5 

31 to 35 

1 

16 to 20 

11 

Total 

. 30 

The youngest patient was 

four years of 

age and the oldest, thirty-three. 

Distribution and Location of the Lesions 



The following table lists the various 

bones affected and 

, in descending 

order of frequency, the number of times 

each was found to be involved in 

the thirty-three cases. 




Bone Involved 

No of Cases 

Bone Involved 

No. of Cases 

Tibia 

S 

Patella 

1 

Femui 

7 

Calcaneum 

1 

Phalanges (pedal) 

3 

Taisnl navicular 

1 

Vertebiae 

3 

Asti agalus 

1 

Ulna 

2 

Ankle legion (site 

not 1 

Phalanges (manual) 
Fibula 

2 

2 

piecisely given) 


Humeius 

1 

Total . . . . 

33 


So far, then, we have found the lesion in bones of the limbs and of the 
vertebral column (exclusive of the sacrum), but not yet in ribs, innominate 
bones, or skull bones. As to the limbs, the bones of the lower ones are 
much more commonly affected than those of the upper. In regard to the 
skull, it should be noted that a lesion appearing in the bones of the nasal 
sinuses has been described which bears at least some resemblance to 
osteoid-osteoma and which will be considered later in our discussion of the 
literature (p. 680). 

When the lesion arises in the spongiosa, it usually, though not neces- 
sarily, incites a perifocal osteosclerosis of greater or lesser extent. The 
lesion may be well buried in spongiosa. It is particularly likely to be so 
when it develops in the spongy end of a long bone. However, we have 
seen one instance in which the lesion developed immediately beneath an 
articular cartilage. A rather superficial location is fairly common when 
the lesion develops in small bones consisting mainly of spongiosa. Under 
these circumstances, it often abuts upon, and even erodes, the overlying 
cortical shell. It may then elevate the periosteum, but it does not pene- 
trate the latter and may not even stimulate it to the excessive formation of 
new bone. 
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Arising in the cortex of a long bone shaft, the lesion usually provokes a 
more extensive reaction. If it develops toward the outer surface of the 
cortex, it may incite (he periosteum in its vicinity to a tremendous deposi- 
tion of new bone. On the other hand, if it develops toward the inner side 
of the cortex, the now-bone formation may be more prominent on the 
medullary surface. Indeed, the major marrow cavity for some distance 
above and below the lesion may become obliterated by newly deposited bone. 

Finally, one occasionally encounters an osteoid-osteoma which seems 
to begin in and remain largely restricted to the periosteum, provoking but 
little reaction in the underlying cortex. We have two cases of this kind, 
both relating to proximal manual phalanges. 

Clinical Complaints and Findings 

The duration of complaints at the time of admission to the hospital 
ranged between a few months and a number of years. Histories of less 
than six months were the exception; of six months to two years, the rule; 
and of over two years, not common. No patient gave a history of diffi- 
culty dating back longer than four years. 

Only ten of the thirty-three patients made any mention of possibly 
relevant trauma in their ease histories. Some of these stated that the 
trauma had antedated the onset of the symptoms by weeks, months, or 
even years. The rest of them dated the onset of the complaints directly 
from the trauma. Altogether, it is difficult to come to any conclusive 
decision about the factor of trauma. Indeed, it was sometimes not even 
clear that the site of the osteoid-osteoma was actually that of the previous 
trauma. 

The principal complaint was of pain, and it was this that consistently 
led the patients to seek medical attention. Occasional and mild at first, 
the pain had usually increased in persistence and severity and, at the time 
of admission, was often bad enough to interfere with sleep. (It seems of 
interest in this connection that a number of the patients reported relief 
from the pain for some hours after taking about ten grains of acetyl- 
salicylic acid.) Local swelling was apparent in some instances, — par- 
ticularly where the lesion was in a bone site not very thickly covered by 
soft tissue. Limping was complained of in a considerable number of the 
cases in which the lesion was in a lower-limb bone. Stiffness and weak- 
ness of the part were observed in some of the cases, — notably in those in 
which the lesion was near a joint. In no case was there a history of febrile 
episodes in connection with the lesion. 

Physical examination revealed, in the majority of cases, some swelling 
and tenderness, localized to the general region of the pain. Indeed, these 
were often the only relevant findings. In some cases, on account of the 
fact that the part had been spared in use, there was also a slight amount of 
muscle atrophy. Local heat and redness were absent in all but one of the 
cases and were slight in that one. This is striking in view of the fact that, 
in a large majority of the patients, the condition had been interpreted 
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clinically as having an inflammatory basis, and, in particular, as being 
either chronic osteomyelitis or chronic bone abscess. 

Clinical Diagnosis and Roenlgenogravhic Findings 

Clinically, the diagnosis of osteoid-osteoma is not really very difficult, 
if one is familiar with it and the possibility of its presence is borne in mind. 
The history and physical examination alone often furnish the necessary 
cues. Specifically, one should suspect that it is present if: (1) the patient 
is an adolescent or a young adult; (2) the complaint is of well-localized 
bone pain of at least some months’ duration; (3) this pain is not associated 
with local heat, although some local swelling may be present; and (4) the 
condition is not, and has not been, associated with bouts of fever. 

The clinical laboratory findings shed no light upon these cases. The 
sedimentation rate of the red blood cells was within normal limits in the 
few cases in which it was determined. The blood count likewise failed to 
yield any significant findings. It goes without saying that most of the 
patients, in the course of the routine, were tested serologically for syphilis, 
with negative results. An intradcrmal quantitative tuberculin test was 
also done in many of the cases, for the sake of any additional information 
it might contribute toward the diagnosis, but was, of course, only of nega- 
tive value. 

It is the roentgenographic 'picture that constitutes the most valuable 
single diagnostic guide. However, this picture is very likely" to be mis- 
interpreted unless one is familiar with the possibilities as to the roentgeno- 
graphic appearance of the condition. What one must remember par- 
ticularly is that this picture has two aspects, — the manifestation of the 
osteoid-osteoma proper and that of the reaction which it has incited in the 
surrounding osseous tissue. The lesion itself is small, but the aura of 
reactive changes within which it appears may be quite extensive. 

For some time in the course of its evolution, the osteoid-osteoma 
proper is usually indicated roentgenographically by a relatively radiolu- 
cent or rarefied area in the bone (Figs. 1, 7, and 11). This area is likely to 
be roundish in shape if the osteoid-osteoma is in spongy bone and oval if it 
involves the cortex of a long bone. Its greatest diameter is usually be- 
tween five-tenths of a centimeter and two centimeters and is most likely 
to be about one centimeter. The reactively changed surrounding tissue 
appears as a more or less opaque or dense zone. This dense area of peri- 
focal reaction may be only a narrow ring or it may spread for several centi- 
meters about the lesion, even if the latter is in the spongiosa. If it is in 
the cortex of a long bone, the reactively densified area may extend for 
several inches both above and below the osteoid-osteoma proper. The 
densification of the cortex may also be found to extend for a considerable 
distance around the circumference of the affected shaft (Figs. 4, 7, 15, and 19) . 

Later in its evolution the osteoid-osteoma tends to become calcified 
and ossified. In harmony with this fact, its shadow no longer appears as 
an area of uniform rarefaction. Instead, it is opaque in some places and 
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may oven bo uniformly so. Thus, in a spongy-bonc area, it eventually 
appears as a very radiopaque or dense circular nidus, which may, never- 
theless, be made to stand out from the neighboring opaque bone by a 
narrow zone which is more permeable to the rays (Fig, 4). The same 
course is usually taken by an osteoid-osteoma when it is in the shaft 
cortex of a long bone (Fig. 19). In such a site, it is sometimes difficult, if 
not quite impossible, to trace out the opaque nidus representing the ossi- 
fied osteoid-osteoma from the surrounding reactively thickened and 
densified cortical bone (Figs. 23, 24, and 25). The experience of Dr. M. M. 
Pomeranz, the roentgenologist of the Hospital for Joint Diseases, has 
shown that, under these conditions, overexposing the plate and taking the 
picture in various planes with a cone may enable one to recognize the 
lesion more readily. 

The various shadows produced by the osteoid-osteoma and the reac- 
tion about it are open to misinterpretation. The usual error is to inter- 
pret the roentgenogram as reflecting some form of chronic inflammation of 
bone. Specifically, a film showing an area of rarefaction in the spongiosa, 
surrounded by an area of densification, is likely to be regarded as repre- 
senting a chronic bone abscess with inflamed and sclerosed bone around it. 
Again, a film showing a radiopaque nidus in the spongiosa is likely to be 
interpreted as signifying an “annular sequestrum”, surrounded by an 
area of chronic osteomyelitis. The picture produced by an osteoid- 
osteoma in the shaft of a long bone is most commonly mislabeled “chronic 
sclerosing noil-suppurative osteomyelitis” or “osteomyelitis chronic from 
the beginning”. On the other hand, should the examiner in such a case 
see a focus of rarefaction in the thickened and densified shaft cortex, he 
would be likely to misinterpret it as representing an intracortical abscess 
with inflamed bone around it. Other conditions with which an osteoid- 
osteoma of a long bone shaft has sometimes been confused include syphi- 
litic osteoperiostitis and, even less plausibly, sclerosing osteogenic sarcoma. 
That these various roentgenographie diagnoses are untenable should be 
clear from a study of the history and clinical findings and is made obvious 
by the pathological findings in these cases. 

In regard to diagnostic problems created by a special location of the 
lesion, mention should be made of the vertebral column. Specifically, it is 
extremely difficult to make the diagnosis of osteoid-osteoma when the 
lesion is in a facet or a lamina of a vertebral body. When the lesion 
develops under the articular cartilage of a long bone, particularly at the 
lower end of the femur or the upper end of the tibia, the case may be mis- 
interpreted as one of osteochondritis dissecans. 

PATHOLOGY 

As stated, an osteoid-osteoma is of small size even when fully evolved, 
but it generally incites the tissue around it to an extensive reactive forma- 
tion of new bone. The originally expressed conception of the lesion — a 
conception which we find no reason for changing — is, in brief, as follows: 
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The lesion is a benign osteogenic tumor of slow growth. The initial phase 
of its evolution in a given site seems to lie the proliferation of the local 
bone-forming mesenchyme and particularly of its osteoblasts. Indeed, at 
an early stage, the tumor may consist largely of a vascular mesenchymal 
substratum, closely packed with osteoblasts, although showing also a 
scattering of osteoclasts (Fig. 30). 

In the further evolution of the lesion, considerable intercellular sub- 
stance develops between the osteoblasts. This substance becomes calci- 
fied only slowly, and consequently the tumor at this stage contains large 
patches of osteoid or numerous osteoid trabeculae (Figs. 5, 6, 13, 14, 17, 
and 18). In fact, the presence of rather large amounts of osteoid is so 
characteristic of the lesion at one stage in its evolution that the incorpora- 
tion of the term “osteoid” into its name seems justified. Subsequently, 
the osteoid becomes calcified and converted into hypercalcified bone, 
which is neither typical fibrous bone nor typical lamellar bone. When 
fully evolved, the lesion is composed of compacted trabeculae of this 
atypical bone, the intertrabccular tissue of which is vascular and may still 
be rather cellular in some places. Ultimately, it is the osteoma rather 
than the osteoid aspect of the lesion that is conspicuous microscopically 
(Figs. 26 and 27). It should be noted, however, that there is no clear-cut 
correspondence between the age of the lesion, as represented by the pa- 
tient’s complaint, and the degree of calcification and ossification of the 
lesion, as observed grossly and microscopically. 

We turn now to the pathology of the perifocal reactive response. An 
osteoid-osteoma developing in a spongy-bone area is found surrounded by 
a narrow zone of vascular connective tissue, which, in turn, is usually 
surrounded by an area of sclerotic osseous tissue. The trabeculae com- 
posing the latter are thick and irregular and interspersed with fibrous 
marrow (Fig. 2). In a shaft cortex, the perifocal sclerosis about an os- 
teoid-osteoma is often particularly pronounced. Indeed, the bone cortex 
may be extremely thickened over a large area. The thickened cortex is 
found to be composed of two layers, — a layer of more or less transformed 
original cortex, and, on the surface of the latter, a layer of compacted, 
newly deposited periosteal bone. The osteoid-osteoma may be found 
abutting upon the medullary surface of the transformed original cortex, or 
lying between this layer and the layer of new cortex, or, finally, located 
entirely within new cortex (Figs. 12, 13, 16, 17, 20, 21, 24, 25, and 26). 
Microscopic examination, even when extensive and thorough, fails to 
reveal any infectious inflammatory basis for the perifocal sclerosis, whether 
the osteoid-osteoma has developed in spongiosa or in cortex. 

However, why an osteoid-osteoma should arouse a perifocal osteo- 
sclerosis is by no means clear. Indeed, although we have given much 
thought to the question, we have at present only a presumptive answer for 
it. A factor in the explanation would seem to be the irritation of the bone- 
forming tissues by the slow, torpid growth of the lesion. The relatively 
greater freedom of growth provided by spongy bone, together with the 
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relatively meager bone-forming capacity of tlio latter, would seem to 
explain the generally milder character of the perifocal osteosclerosis when 
the osteoid-osteoma appears in spongy hone. On the other hand, when 
developing in cortex, the osteoid-osteoma sooner or later communicates its 
presence to the periosteum through direct or indirect irritation of the 
latter. The periosteum makes its characteristic response, — abundant 
deposition of new hone, accounting for the elaborate perifocal thickening 
of the cortex in the cortical cases. Incidentally, the pressure which the 
growth of the osteoid-osteoma creates upon the incasing spongiosa or 
cortex is undoubtedly the reason for the relatively mild but increasing and 
persistent pain which the patients in question suffer. 

REPRESENTATIVE CASES 

The paper published in 1935 contains a detailed description of each of 
the five original cases. None of these will be cited again here, and the 
reader is merely referred to them for the information which they already 
yield about osteoid-osteoma. Indeed, the twenty-eight additional cases 
contribute nothing fundamentally new to our original general conception of 
the disease. However, in other respects certain of the later cases have 
contributed further information. Specifically, as to the pathology, these 
cases include a few instances in which the osteoid-osteoma was in an even 
earlier stage of evolution than any described in the previous report. 
Notably, one case was encountered in which the lesion was as yet free of 
osseous tissue, even almost free of osteoid, and so rich in osteoblasts as to 
suggest what one might call an “osteoblastoma”. As to localization, 
thirteen of the subsequent cases revealed that an osteoid-osteoma can 
develop in cortical bone and that spongy bone is thus not the only possible 
site of origin for the lesion. Furthermore, we have observed, in relation 
to phalanges, certainly one instance and possibly another in which the 
growth could be conceived as a subperiosteal osteoid-osteoma. More 
precisely, these were cases in which it affected the cortex only slightly, be- 
ing largely confined between the periosteum and the cortical outer surface. 

Taken together, the following case reports are intended to compose a 
representative picture of our present conception of osteoid-osteoma. The 
first two (like those originally reported) show spongy-bone localizations of 
the lesion at contrasting stages of its development. Specifically, the 
lesion in Case 1 was in a stage such that roentgenographically it was 
manifested as a small area of increased radiolucency, while in Case 2 it 
was evident as a nidus of radiopacity. Cases 3 to 7, inclusive, are in- 
tended to show how the lesion appears when developing in the shaft 
cortex of a long bone. In presenting five cases of this type, we do not 
mean to imply that this localization is the more common one, but are 
using them merely to emphasize an aspect of the condition of which we 
were not yet aware when the original paper was written. They include an 
instance (Case 7) in which, on account of the pronounced thickening and 
densification of the cortex and the ossification of the osteoma proper 
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within it, the lesion could not even be distinguished in the roentgenogram 
of the affected bone. Finally, Case 8 is presented to show what we con- 
ceive as a subperiosteal localization of osteoid-osteoma. 

Case 1. The patient was a man, twenty-three years old, who was admitted to the 
Hospital under the care of Dr. .1. Ii. Milgram. His chief complaint was pain of seven 
months’ duration in the left big toe. It was localized to the medial aspect of the distal 
phalanx of this toe and did not radiate. It was usually noticed only at night, but was 
then severe enough to wake the patient often. The pain could not be related to any 
previous trauma or illness, nor did it seem to be aggravated by walking, weight-bearing, 
or other activity. It was not associated with any local changes noticeable to the patient. 
Furthermore, he had no complaints referable to other parts of the body or to his general 
health. The local physical examination revealed merely a slight swelling of the medial 
aspect of the left big toe near the base of the distal phalanx. The area was exquisitely 
tender to pressure. There was a barely perceptible increase in local heat, but no local 
redness. 


tV 








RoenUjcnogra pit ic, Operatin', and Pathological Findings 

The roentgenogram revealed a circular area of more or less increased radioluccncy, 
four millimeters in diameter, occupying the proximal medial corner of the affected phalanx 
(Fig. 1). On the baMs of the case history and the roentgenogrnphie findings, Dr. Mil- 
gram suspected before opeiating that he was dealing with an osteoid-osteoma. lie re- 

moved from the phalanx the corner bearing the 

lesion. Culture of a swabbing from the site 
of resection yielded the staphylococcus aureus 
and a micrococcus which grew out in twenty- 
four hours. It should be noted, however, that 
the swabbing could not have been from the 
osteoid-osteoma itself, since the latter was re- 
moved intact in its casing of phalangeal bone. 
Thus the bacteria cultured represented, in all 
likelihood, merely contaminating organisms, 
which, of course, are very likely to he cultura- 
blc when the operative site is a toe. The 
wound was closed without drainage and healed 
by primary union. The patient was com- 
pletely freed of his complaints and has re- 
mained so. 

The small blunt piece of phalangeal bone 
removed showed nothing remarkable on ex- 
ternal examination. However, when it was 
split open, it presented a reddishly discolored, 
granular area corresponding to the shadow seen 
in the roentgenogram. Microscopically, this aren (Figs. 2 and 3) showed numerous 
trabeculae and irregular patches of osteoid set in a substratum of highly vascular osteo- 
genic connective tissue. Here and there, the osteoid appeared to have been undergoing 
calcification and conversion into atypical bone. The lesion showed a scattering, and in 
some places even aggregations, of osteoclasts. It appeared well set off from the perifocal 
bone, except in one place, where some of its trabeculae had fused with those of tins 
bone. The intertrabecular marrow of the perifocal bone was abnormally fibrillar, and 
the bone trabeculae themselves seemed somewhat thickened. 





Fig. 1 

Case 1. Roentgenogram revealing 
a barely detectable circular area of in- 
creased radiolucency occupying the 
proximal medial corner of the affected 
phalanx. 


Summary: To one familiar with the condition, the clinical aspects 
of this case should already suggest the possibility of osteoid-osteoma. 
To such a person, the roentgenographic findings would support this 
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dingnuM*. Sinco the prowl h in this ease had not yet undergone mu cl 
calcification or ossification, the shadow cast by it was mainly one o 
raicfaction. However, the change noticeable in the roentgenogram w r a 



Fig 2 

Case 1. Photomiriogiaph (low magnification) showing the osteoid-osteoma (up- 
pei left-hand quiu tci of the picture) standing out in contrast to the adjacent spongy 
bone. The tiabeculac of the lattei seem peihaps somewhat thickened, and the 
intei tiabeeulai mairow, especially m the immediate vicinity of the osteoid-osteoma, 
is abnoimnlly fibrillai The daikci, bluned patches in the center of the lesion rep- 
resent aieas of calcifying osteoid (Fig 3). 



Fig 3 

Case 1 Photomicrograph (medium magnification) show mg details of the section 
in Fig 2, and specifically the calcified osteoid developing in a substratum of highly 
vascular osteogenic connective tissue 
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slight and even rather vague. Indeed, if one did not bear in mind the 
possibility of osteoid-osteoma, this slight alteration could easily have 
been misinterpreted or even overlooked entirety. 


Case 2. The patient was a young man, nineteen years of age. Dr. D. R. Telson, 
to whom we are indebted for the data on the case, treated him at another institution. 
The patient’s chief complaint was of pain. This was localized to a small area on the 
outer aspect of the left leg, near the knee joint. It had been present for nine months. 
It was intermittent and not severe, but often woke the patient at night. In addition, 
there was considerable local tenderness to pressure. However, there was no local heat, 
redness, or swelling. The patient gave no history of any possibly relevant injury or 
previous illness. On the basis of the clinical and roentgenographic findings, a diagnosis 
of localized chronic osteomyelitis with an “annular sequestrum” was made. 


■I 



Roentgenographic, Operative, and Pathological Findings 

The roentgenogram showed, in the head of the fibula toward its lateral surface, an 

approximately circular area of relatively increased 
radiopacity, about five-tenths of a centimeter in 
diameter (Fig. 4). This area was seen to be en- 
circled by a narrow zone of relatively increased 
radioluccncy, about one millimeter in width. It 
in turn was bordered, especially below and medi- 
ally, by a rather wide area which was relatively 
radiopaque. Altogether, the roentgenographic 
appearance was interpreted ns an area of chronic 
osteomyelitis in the head of the fibula, containing 
an “annular sequestrum” represented by the 
core-like area. 

In operating on the patient, Dr. Telson 
found nothing noteworthy in the soft tissues 
overlying the lateral surface of the head of the 
fibula. In cutting a window into this surface, 
however, he encountered the core-like area and 
found that the latter could easily be lifted out of 
its bed. It was rather yellowish in color and 
gritty in substance. There was no pus or any 
other gross evidence of osteomyelitis. No ma- 
terial for culture was taken from the site of 
operation. The wound was closed without 
drainnge and healed by primary union. The 
patient was completely relieved of his preoperative complaints and has remained so. 

Microscopically, the extirpated nidus of tissue (Figs. 5 and 6) was found to be com- 
posed of calcified osteoid and atypical bone, arranged in trabeculae and patches and in- 
terspersed with a highly vascular osteoblastogenic connective tissue. Here and there, 
osteoclasts were found abutting upon the trabeculae and patches of osteoid and bone. 
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Fig. 4 

Case 2. Roentgenogram showing, 
in the head of the fibula toward its 
lateral side, a small, roundish area of 
relatively increased radiopacity rep- 
resenting the osteoid-osteoma. 


Summary: This case is one in which the roentgenographic appear- 
ance alone should suffice to put one upon the track of the correct diagnosis. 
Specifically, the cue is given by the relatively opaque nidus standing out 
in a spongy-bone area. Except in connection with osteoid-osteoma, 
we have never seen the combination of a single nidus of this kind in a 
spongy-bone area with a history of persistent local pain and tenderness not* 
associated with fever. It is true that one occasionally encounters acci- 
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Fig. 5 

Case 2. Photomicrograph (low magnification) showing a section through the 
entire lesion represented by the radiopaque area in the head of the fibula seen 
in Fig. 4. 



Fig. 6 


Case 2. Photomicrograph (medium magnification) showing details of a 
small area of the section portrayed in Fig. 5. Note the osteoid and bone 
developing against a background of connective tissue. 
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dentally, in roentgenograms of spongy-bone areas, a solitary core-like 
nidus not associated with aii3 r complaint. Under these circumstances, 
such a nidus represents an enostosis, which has formed in the spongiosa 
upon the basis of a developmental anomaly. Such enostoses, like the 
multiple ones in cases of osteopoikilosis, differ from osteoid-osteoma 
anatomically. More precisel}*-, they'' differ in that they represent mere 
compactions of spongy trabeculae of otherwise normal histological 
structure. 

C\se 3. The patient was a man, twenty-four years old, who was admitted to the 
Hospital under the rare of Dr. M. M. Youmans. His chief complaint was of pain in the 
right forearm of almost two years’ duration. The patient dated the onset of his diffi- 
culties from a wrench to the forearm. The alleged trauma was said to have been fol- 
lowed promptly by the appearance of cechymoMs on the affected forearm. Tin's was 
associated with local pain and swelling, both of which persisted and even increased. 
The site of the swelling was sensitive to pressure. The pain was noticed mainly at 
night, and indeed frequently woke the patient, and it was exacerbated by damp weather. 
In spite of his complaints, he had continued to use the forearm at work. His general 
health had remained good, and he had had no fever in connection with the local condition. 

The physical examination yielded entirely negative results, except in regard to the 
condition of the affected forearm. The latter showed a hard, firm swelling on the 
medial aspect of the middle third of the right ulna. This area was sensitive to pressure, 
and the pain was referred up and down the forearm. The skin over the swollen area was 
not reddened, although it felt somewhat warm. The condition did not interfere with 
supination or pronation of the forearm, and there was no loss of strength in the Wi 1st or 
fingers. 

Prior to the patient’s admission to the Hospital, on the basis of the clinical and roent- 
genograpluc findings, the patient was held to be suffering from an abscess in the cortex of 
the right ulna. His surgeon, Dr. Youmans, consulted with us, however, and agreed 
with us that this diagnosis was untenable. He changed the diagnosis to osteoid-osteoma 
and advised the patient to submit to resection of the affected part of the ulna. 




x- v 
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Fig. 7 

Case 3. Roentgenogram of the affected ulna showing thickening of part of 
its shaft in consequence of deposition of periosteal new bone. Note the 
lozenge-shaped area of rarefaction in the region of greatest cortical thickening. 
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ItocnlQrnagrapliic , Opcrahrc, and Pathological Findings 

Tin* roentgenogram of the affected ulna (Fig. 7) allowed that its middle third was 
thickened for a distance of about seven centimeters. The thickening could be seen to 
have resulted from deposition of periosteal new bone, which was most abundant on the 
medial and posterior sui faces. In the region of greatest cortical thickening, a lozenge- 
shaped area of rarefaction, measuring one and twenty-five hundredths of a centimeter in 
length and seventy-five 
hundiedths of a centime- 
ter across, could be plainly 
seen. The medullary cav- 
ity in the area of involve- 
ment appeared aho to be 
traversed by newly formed 
bone. 

From the area of 
greatest cortical thicken- 
ing, the surgeon removed 
a block of bone, three and 
five-tenths centimeters in 
length, one and five-tenths 
centimeters across, and 
seventy-five hundredths of 
a centimeter in thickness. 

On the inner surface of 
this block, toward one end, 
there was an oval hollow, 
filled with brownish-red 
and rather soft tissue (Fig. 

8, .4). The latter was ad- 
herent to the cortex. 

After the cortical 
block was lifted out, it was 
seen that some brownish- 
red tissue still lay in a contiguous hollowed-out portion of the spongiosa, and culture 
swabbings were taken from this. This tissue, with some of the surrounding sclerotic 
spongiosa, was also curetted away. This hollow in the cortex and adjacent spongiosa and 
the brownish tissue which this hollow contained (Figs. 8, B and 8, C ) represented the 
area which cast the shadow of rarefaction in the preoperative roentgenogram. 

The swabbings, cultured aerobically and anaerobically, remained sterile. The 
wound was closed without drainage, and healing took place by primary union. Two 
days after the operation, the pain for which the patient was admitted had disappeared, 
and it has not returned since. 

A number of slivers, several millimeters in thickness, were cut from the cortical block 
and sectioned for histological study. As a matter of course, the tissue curetted from the 
medulla was also submitted for such study. A fragment of the brownish-red tissue was 
even embedded and sectioned without decalcification, so that we could judge to what 
extent osteoid was present in it. 

Microscopically, the sections prepared from the thickened cortex with brownish-red 
tissue attached showed the latter to be composed of a highly vascular osteoblastic con- 
nective tissue, containing numerous delicate trabeculae of osteoid (Figs. 9 and 10). 
These were found lined by osteoblasts and also, in some places, by osteoclasts. The mass 
of osteoid tissue was clearly delimited from the overlying cortex. The latter, although 
thickened by periosteal new-bone deposition, showed a spongy structure in its deeper 
portion. The spaces in the spongy cortex contained fibrofatty marrow, which was con- 
tinuous with the osteoblastic connective tissue containing the osteoid trabeculae. 



A B C 


Fig. 8 

Case 3. A: Photograph of the block of bone resected 
from the ulna shown in Fig. 7. Note, at the upper end, 
the hollow on the inner surface occupied by the osteoid- 
osteoma, which appears as a globular mass of darker looking 
tissue and which was found to be rather soft and brownish 
red on gross examination. 

B and C: Roentgenograms showing this block laid flat 
and on end, respectively. Note that the hollow and the 
tissue it contains represent the rarefaction shadow shown 
in Fig. 7. 
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Fig 9 

Case 3 Photomi ci ograph 
(low magnification) showing, 
in ci oss section, the thickened 
coitev of the ulna, with the 
osteoid-osteoma attached on 
its mcdullaiy suiface. Note 
I that the coitical bone is 
somewhat laiefied and that 

I the osteoid-osteoma is well 
diffeientiatcd fiom it. 

II 

, Xowheie was theie any evi- 
| deuce of active inflammation 
oi any sign that an active in- 
flammation had ever been 
piescnt. 


I Summary: This is 

FlG 9 an instance of osteoid- 

osteoma developing in the shaft of a long bone. For almost two years, the 
condition had been erroneously regarded as a sclerosing osteomyelitis of 
the ulna, and the rarefaction shadow in the affected area had been misin- 
terpreted as an abscess cavity. Actually there was no cavity at all, there 





Fig. 10 

Case 3 Photomicrograph (medium magnification) showing histological details 
of the osteoid-osteoma seen m Figs. 8, A and 9. Note that the lesion is composed 
of trabeculae of osteoid, which aie lined by osteoblasts and m some places by 
osteoclasts The osteoid is developing in a very vascular connective tissue. 

THE JOURNAL OF BONE AND JOINT SURGERA 






OSTEOID-OSTEOMA 


659 


bring lmnvly a hollow filled with connecfive tissue and osteoid and sur- 
rounded by thickened cortex and sclerotic spongiosa. It is interesting also 
that, despite the fact that the affection had been present for almost two 
years, the nidus of connective tissue and osteoid had not undergone much 
calcification and transformation into atypical bone, as it does in most cases. 

Case -I. The patient, was a girl, sixteen years of age, who was treated at the Hos- 
pital on the Service of Dr. S. A. Jahss. About one and one-half years before admission, 
she had begun to experience nocturnal pain, in the right knee. It was severe enough to 
interfere occasionally with sleep. Several months afterward, she had begun to experi- 
ence, in addition, a dull, steady pain in the right groin, and this pain, too, was at first 
noticed only at night. The pain in both sites became progressively worse, and, about 
eleven months before admission, was felt during the day as well as at night. However, 
it was worse at night, and it gradually became severe enough to make the patient limp 
occasionally. Despite the pain and the limp, she remained fairly active and continued 
attendance at school, since she found that rest did not lessen the pain. Nevertheless, she 
did lose twenty pounds in weight during the one and one-half years following the onset 
of her difficult}-. On questioning the patient, it was also found that the onset and prog- 
ress of the condition had not been associated with fever or chill or any previous trauma. 

On physical examination, Dr. Jahss found very slight atrophy of the right thigh, 
more obvious when viewed from the rear. There was no limitation of mobility either at 
the hip joint or at the knee joint. The medial aspect of the right thigh, two or three 
inches below the inguinal ligament, was moderately tender to pressure. However, there 
was no local heat, redness, or induration. On the basis of the clinical and roentgeno- 
graphic findings, it was suspected that the patient was suffering from an osteoid-osteoma 
of the upper portion of the shaft of the femur, at the level of the lesser trochanter. 

Rocntgcnographic, Operative, and Pathological Findings 

The preoperative roentgenogram (Fig. 11) revealed a roundish, rarefied area, 
seventy-five hundredths of a centimeter in diameter, situated in the anterior part of the 
femoral shaft, at the level of the lesser trochanter. On one surface, the rarefied zone 
abutted against the inner surface of the cortex. There was a wide perifocal zone of 
densification evidently reflecting reactive sclerosis of the spongiosa about the rarefied 
area, and also of the overlying cortex. The roentgenologist, Dr. M. M. Pomeranz, con- 
curred in the impression that we were dealing here with an osteoid-osteoma. 

The surgeon removed a block of thickened cortex from the diseased area on the 
anteromedial side of the femur, in the vicinity of the lesser trochanter. The exposed 
underlying spongiosa was also found to be sclerotic. At operation, culture swabbings 
were taken from the inner surface of the cortical specimen and adjacent spongiosa, which 
was then curetted. The swabbings were cultured aerobically and anaerobically and 
remained sterile. The wound was closed tightly and healed by primary union. Within 
forty-eight hours after the operation, the patient was completely relieved of the pre- 
operative pain of long standing. 

The resected cortical block measured about three centimeters in length, two centi- 
meters in width, and a little more than one centimeter in depth at the thickest point. 
The thickening had obviously resulted from periosteal new-bone deposition. On the 
medullary surface of the block, a round, reddish mass of rather granular and gritty tissue 
was observed (Fig. 12, A). It measured about five-tenths of a centimeter in width. The 
block was cut into several slivers, and these showed that it extended for about the same 
distance into the cortex, toward the periosteum. The nidus was apparently the prin- 
cipal source of the rarefaction shadow seen in the preoperative roentgenogram (Fig. 12, B). 

Microscopically, the nidus of granular and gritty tissue in question (Figs. 13 and 14) 
was found to be composed of trabeculae of osteoid and atypical bone, set against a back- 
ground of osteoblastogenic connective tissue. The trabeculae were lined by osteoblasts, 
and in some places had osteoclasts abutting upon them. The substratum of connective 
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tissue was rather vascular. In many places its spindle-shaped cells could be seen to have 
undergone transformation into osteoblasts. Where this had occurred, there was excess 
intercellular material, so that the total picture presaged the formation of osteoid trabe- 
culae. Much of the cortex overlying the lesion clearly represented newly deposited 
periosteal bone. The thickened cortex and the lesion proper were plainly delimited. 
Nowhere in the many slides prepared from the specimen was there any evidence of infec- 
tion or inflammation. 


,-r" / 



Fig. 11 

Case 4. Roentgenogram showing a 
roundish, rarefied area situated in the 
femoral shaft at the level of the lesser 
trochanter. 



A B 

Fig. 12 


Case 4. .4: Photograph of a slice cut 
from the resected cortical block through 
the area containing the osteoid-osteoma. 
Note the latter on the medullary surface, 

'■ ■ ” ‘ rtienl tissue. 

■ ■ . ■ of this same slice 

laid flat, showing a more or less roundish, 
rarefied area, representing the osteoid- 
osteoma in the cortex. 

Summary: This is a case of oste- 
oid-osteoma developing in the shaft 
cortex of the upper end of the femur. 
However, t lie roentgenograms in 
this case would be likely to be re- 
ported as showing either a chronic 
osteomyelitis or an abscess of the 
upper end of the femur. The sterility 
of the cultures, the absence of evi- 
dence of inflammation in the sec- 


tions studied microscopically, the healing by primary union, and the 
dramatically prompt cessation of the previously stubborn pain exclude an 
inflammatory lesion and are characteristic of osteoid-osteoma. 


Case 5. The patient was a man, twenty-four years of age. Dr. A. ICenin, to whom 
we are indebted for the material and data on this case, treated him at another institution. 
The patient’s chief complaint was of pain, which was localized to the outer aspect of the 
upper end of the right femur, just a little below the greater trochanter. The patient 
stated that the pain had been present since he fell off a stool four months before. It was 
intermittent and not severe on the whole, although it sometimes woke him at night. In 
addition, there was considerable local tenderness to pressure. However, there was no 
local heat or redness, and no thickening of the affected bone region was noted by palpa- 
tion. On the basis of the clinical and roentgenographic findings, Dr. ICenin suspected 
that he was dealing with an osteoid-osteoma arising in the shaft cortex of the upper end 
of the femur. 


Roenlgenographic, Operative, and Pathological Findings 

In the roentgenogram of the affected femur (Fig. 15) it was noted that, for about 
seven centimeters below the greater trochanter, the cortex was thickened laterally. The 
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Fir. 13 

CVc -1 Photomu mgiapli (low magnification) showing a section piepaied from 
the slice of tissue dcM-ubcd undci Fig 12 Xotc the osteoid-osteoma set in, but 
rlcailv cbffeientiated fiom, the adjacent, thickened coitex The lattei consists 
hugely of i datively new bone of pci lostcal oi igm The moie compact osseous tissue 
m the louei left-hand romei icpiesents onginal eoitical bone 



Fig 14 

Case 4 Photomicrogiaph (medium magnification) showing histological details 
of a poition of the osteoid-osteoma. Note that osteoid and trabeculae of atypical 
bone are developing in a substratum of rather vascular osteoblastogemc connective 
tissue containing a scattering of osteoclasts 
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thickening had taken place through deposition 
of new bone on the periosteal surface of tire cortex, 
the outline of the medullary canal showing no 
obvious modification. Near the upper end of the 
thickened pait of the cortex, theie was a small, 
lozenge-shaped area of rarefaction, about one 
centimeter in its long axis and five-tenths of a 
centimeter in its transverse axis. This rarefaction 
was also manifest, although in a more rounded 
form, in the roentgenogram of the femur taken at 
an oblique angle. 

A block of bone, lepresenting most of the af- 
fected area and measuring about five centimeters 
in length, two and five-tenths centimeters across 
its widest portion, and one and five-tenths cen- 
timeters across its thickest part, was submitted for 
study. It was found to be composed mainly of 
thickened cortex, which the surgeon had difficulty 
in cutting through with bone chisels. The under- 
lies. 15 lying medullary cavity was found not to be oblit- 

Case 5. Roentgenogram show- crated. No culture swabbings were taken from 
ing thickening of the femoral cor- the site of operation. The wound was closed 

few some distance below the tightly without drainage, and healing took place 
greater trochanter. Near the up- , . . * ' . . ,, 

per end of the thickened cortex, P nm!u T union. ithin a few days, the pa- 
there is a small lozenge-shaped tient was completely free of his preoperative corn- 

area of rarefaction. plaints, and he has remained so. 

The resected block was laid flat and x-rayed, 
and in the roentgenogram (Fig. 10, A) the area of 
larefaction showed some details which had not 
been visible in the preoperative roentgenograms. 
The block was then sliced transversely into sec- 
tions about five millimeters in thickness. These 
sections showed that the area of rarefaction (one 
centimeter by five-tenths of a centimeter) repre- 


Fig. 16 

Case 5. A: Roentgenogram of the resected block. Note that the area of rare- 
faction shows a sort of opaque ring within it. 

B: Photograph of one of three transverse slices of bone cut from the resected 
block through the area of rarefaction. Note that the latter corresponds to a cir- 
cular nidus (the osteoid-osteoma), which is situated in the zone between the original 
and the newly deposited cortical bone. 

C, D, and E: Roentgenogram of these three slices, also laid flat. Note that in 
C the area corresponding to the osteoid-osteoma is barely distinguishable, while in 
D it is very clear and in E it is again less clear. This is so because at D the osteoid- 
osteoma ran through the whole thickness of the slice, while at C and E it did not. 
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sented a calcifying nidus, reddish at its periphery and whitish at its center (Fig. 16, B). 
It was situated in the zone between the original and the newly deposited cortical bone, 
and extended about equally into both. A roentgenogram of the slices of bone containing 
the nidus showed even more details (Figs. 16, C, 1G, D, and 16, E). It revealed even 
more clearly that the nidus was situated between the old and the new cortical bone and 
that the thickening of the cortex was to be accounted for largely, if not exclusively, by 
periosteal new-bone deposition. 

All of the blocks were embedded and sectioned for detailed histological study, and 
serial sections were prepared from those containing the nidus. The latter (Fig. 17) could 
clearly be seen to be embedded between the original and the newly deposited cortical 
bone. Large areas were composed of trabeculae and patches of calcifying osteoid and 
atypical bone (Fig. 18). Interspersed between these, and elsewhere also, there was 
vascular osteoblastogenic connective tissue. In many places in this bone-forming 
connective tissue, intercellular collagenous substance was present, indicating the first 
stages of osteoid formation. Osteoclasts were observed scattered through the lesion. 

The nidus as a whole was clearly delimited from the surrounding cortical bone. 
Here and there, however, a trabecula at its pei iphery fused with this bone. The adjacent 
original cortical bone showed enlargement of many of its vessel canals, which contained 
a fatty fibrillar marrow. The few spongy trabeculae inserted in it were not thickened, 
although the intertrabeeular marrow was also fibrofatty. The newly deposited periosteal 
bone adjacent to the nidus also presented large vessel spaces, containing an even more 
fibrous marrow. The condition of bits of periosteum attached to the outer surface of the 
sections showed that this tissue had undergone fibrous thickening. In the sections of the 
cortical blocks from areas above and below the nidus, the changes present were of the 
same order, though less severe. Nowhere (in the periosteum, cortex, or nidus itself) in 
the great numbers of sections examined was there any evidence that active inflammation 
was or had been present. 




Fig. 20 


Fig. 19 

Case 6. Roentgenogram showing a hump-like 
thickening of the tibial cortex, with a small, 
roundish focus in the middle. 

Fig. 20 

Case 6. Photograph of a transverse slice of 
bone cut from the resected cortical block through 
the area containing the focus shown in Fig. 19- 
This focus (the osteoid-osteoma) stands out 
fairly well in contrast to the adjacent bone. 
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Summary: This is a case of osteoid-osteoma in the shaft cortex of a 
long bone, in which the growth was entirely intracortical and specifically 
was situated between the original and the newly deposited cortical bone. 
Although the condition was of relatively brief standing so far as clinical 
complaints were concerned, much of the osteoid had already become 
calcified or had already been converted into atypical bone. Nevertheless, 
the osteoid-osteoma itself showed up in the preoperative roentgeno- 
grams as a rarefaction shadow. Such a shadow has ordinarily been mis- 
interpreted as representing a cortical-bone abscess, which clearly it was 
not. 

Case 6. The patient was a girl, eighteen years of age, who was treated at the Hos- 
pital on the Service of Dr. Harry Finkelstein. Ten months before admission, she had 
noted the gradual onset of a dull, boring pain over the region of the mid-shaft of the left 
tibia on the medial surface. At first the pain had been intermittent, but in the course of 
some months it began to recur more and more frequently, until it became constant. The 
pain did not radiate and was not associated with numbness or sensory changes. The 
patient’s general health was good, and the development of the local disorder was not asso- 
ciated with any special trauma or with fever. There were no complaints referable to 
any part of the body other than the left lower extremity. 

Physical examination revealed slight atrophy of this extremity. However, there 
was no limp or limitation of motion. Deep palpation of the middle of the shaft of the 
tibia posteriorly revealed a vaguely delimited area of thickening, which was very tender 
to pressure. On the basis of the clinical and roentgenogrnphie findings, it was already 
suspected before the operation that the patient was suffering from an osteoid-osteoma 
of the tibia. 

Roentgenographic, Operative, and Pathological Findings 

In the roentgenogram (Fig. 19) the cortex of the mid-shaft of the tibia showed a 
hump-like thickening along a distance of eight centimeters. The thickening had clearly 
resulted from periosteal new-bone deposition. At the crest of the hump, the cortex was 
nearly two centimeters thick. Almost exactly in the center of the thickened area, be- 
tween the old and the newly deposited cortical tissue, there was a very small, roughly 
circular area of rarefaction, in turn containing a denser area. The outline of the major 
marrow cavity was preserved, and no new bone was apparent within it. 

The surgeon resected a block of cortex, including the entire area of thickened tibia 
just described. The underlying medullary cavity was found not to be obliterated. Cul- 
ture swabbings were taken from both the periosteal and the medullary surfaces of the 
block. The cultures from the periosteal-surface swabbings remained sterile, while those 
from the medullary-surface swabbings grew out a pathogenic staphylococcus aureus. 
It should be noted, however, that in taking these swabbings one could not have touched 
the area represented by the rarefaction shadow, since this area was buried deep in the 
thickened cortex (Fig. 20). It was concluded that the bacteria cultured were of extrane- 
ous origin. Indeed, within a few days, there was high fever, and when the wound, which 
had been tightly closed, was opened, the staphylococcus aureus and the streptococcus 
hemolyticus were cultured from the pus in it. Still worse, a few days later, the leg 
showed evidence of a gas-bacillus infection, and Welch's bacillus was also cultured from 
the pus. Clearly, then, the entire postoperative course in this case was one indicative 
of an imposed infection. 

The block of bone removed at operation measured eight centimeters in length, two 
and five-tenths centimeters across at its widest point, and one and seventy-five hun- 
dredths centimeters through at its highest point. It was composed of cortex showing a 
hump-like thickening. When cut across, the thickened cortex showed, well within its 
substance, a somewhat eccentrically placed ossified nidus, measuring three millimeteis in 
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transverse diameter and probably no more than four millimeters in lengthwise diameter. 
This foetis corresponded to the area of rarefaction also observed in the preoperative 
roentgenogram. 

Microscopically, this nidus (Tigs. 21 and 22) was found located at a point on the line 
of juncture between the old and the newly deposited cortex. It was clearly delimited 
from the neighboring osseous tissue, although at its periphery some of its trabeculae had 
attached themselves to this tissue. The nidus consisted of irregular, thick trabeculae of 
atypical bone set in a substratum of osteoblast ogenie connective tissue. The latter was 
only moderately vascular. The perifocal bone showed fairly large vascular spaces, con- 
taining connect ive-t issue elements in moderate amount. Nowhere in the lesion or in the 
perifocal bone was there any evidence of inflammation or infection. 

Summary: This is a ease of osteoid-osteoma developing in the shaft 
cortex of t he tibia. The clinical and roentgenographic findings ade- 
quately suggest this. Hitherto, a case of this type would most commonly 
have been considered as one of sclerosing non-suppurative osteomyelitis, 
or osteomyelitis chronic from the beginning. The infection which set in 
after the operation represents an unfortunate complication. Nowhere 
in the sections studied microscopically could any indications of preexisting 
infection be found. 

Cake 7. The patient was a girl, ten years of age, who was admitted to the Hospital 
under the care of Dr. D. R. Telson. She stated that, about one and one-half years before, 
she had fallen from a tree and sprained her right ankle, but that the pain and swelling 
associated with the fall had disappeared in the course of a week. For about a year after- 
ward, she apparently had had no difficulty referable to this part. For seven months 
before admission, however, she had again been complaining of pain in the right leg and 
foot. This pain had set in abruptly, without immediate cause. It was dull and aching 
in character and radiated to the knee. At first it was intermittent and worse at night. 
Recently, it had also been bothering her during the day. She had no other complaints 
relevant either to bones and joints or to her general health. She had not felt feverish 
and had not lost weight. 

The general physical examination yielded no remarkable findings, and even the right 



Case 7. Roentgenogram showing fusiform enlargement of part of the tibia. 
In the affected region, the cortex is thickened, and the major marrow cavity 
appears largely filled in. Note that no annular or lozenge-shaped area of rare- 
faction or opacity is apparent in this roentgenogram. 
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lower limb showed no obvious abnormalities. Specifically, the affected foot and ankle 
revealed no swelling, discoloration, or increased local heat. Palpation did elicit some 
tenderness to direct pressure on the tibia posteriorly and above the medial malleolus. 
However, there was no muscle atrophy, and articular function was intact. Having 
profited by his experience in another case, Dr. Telson suspected that he might be dealing 
with an osteoid-osteoma, and this case proved to be very instructive, especially from the 
roentgenograpliic point of view. 


Roentgenograph ic, Operative, and Pathological Findings 

The preoperative roentgenogram (Fig. 23) revealed that the middle third of the 


tibia, over a distance of about ten centimeters 
was due to periosteal new-bone deposition and ■ 



Fig. 24 

Case 7. Roentgenogram of block of bone 
as resected. Note that a faintly delineated, 
lozenge-shaped area, which was not visible 
in Fig. 23, can now be detected. 


, had become thickened. The thickening 
cas most pronounced on the posterior and 
lateral aspects, the bone in the region in 
question appearing more or less fusi- 
form. The outline of the medullary 
cavity in the affected region could still 
be traced, but the cavity seemed also to 
contain considerable new bone. What 
the roentgenogram failed to show (it is 
true that none of the plates were over- 
exposed) was the presence of an annular 
or lozenge-slmped area of rarefaction or 
of opacity, such ns, in view of experi- 
ence with other cases, would have given 
support to the clinical diagnosis of oste- 
oid-osteoma. However, such a shadow 
was visible in some of the serial slivers 
cut from the block of bone removed at 
operation. 




Fig, 25 

Case 7. A, B, and C: Photograph of the three transverse slices cut from the re- 
sected block through the region of the lozenge-shaped area seen in Fig. 24. Note, 
in each sliver, the circular core (the osteoid-osteoma) situated on the medullary side 
of the cortex. 

D, E, and F: Roentgenogram of these three slices in the same order. In D, the 
osteoid-osteoma shadow is rather faint; in E, it stands out clearly; and in F, it is 
only barely perceptible. The clarity of the focus in E is due to the fact that the 
lesion extended through the entire thickness of that sliver. In the other slivers it 
did not go all the way through and is correspondingly less plain. 
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'I lii'- block consisted of a good portion of the middle thiid of the posterior half of the 
td)ia. Culture swabbings wcie taken from tlie site of the osteotomy, but these remained 
sterile. The wound was closed without drainage and healed by primary union. The 
patient was in the Hospital for about two weeks, and for seveial days before her discharge 
she was free fiom (lie pain for which she had been admitted. 

On gross examination, the piece of bone lemoved was found moie or less pointed at 



Fig. 27 

Case 7. Photomicrograph (medium magnification) of the lesion shown in Fig. 26. 
Note the compacted trabeculae of highly calcified atypical bone comprising the 
lesion at this advanced stage. 
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both ends and roughly hemicylindrical in 
its mid-portion. In this region, the cor- 
tex measured from eight to ten millimeters 
in thickness. In an effort to bring out 
details which the preoperative roentgeno- 
gram had failed to reveal, the excised 
block was first x-rayed as a unit. Only 
the barest outline of the core which we 
were looking for was made apparent in 
this way, however (Fig. 24). The block 
was then sliced transversely into serial 
slivers, each of which was about eight 
millimeters in thickness. In three of 
these slivers a core stood out (Figs. 25, A, 
25, B, and 25, C). , It was situated on the 
medullary side of the cortex, was circular 
in outline, and measured about five milli- 
meters in its transverse diameter. From 
its appearance in the successive slivers, it 
was further estimated that the core ex- 
tended about one and five-tenths centi- 
meters vertically. It consisted of a 
highly ossified nidus of bone, which was 
delimited from the neighboring cortex and 
spongiosa by a nnrrow zone of injected 
tissue. When these slivers were x-rayed 
(Figs. 25, D, 25, Ii, and 25, F) the focus 
stood out extremely well in the sliver in 
which it was present throughout the 
whole thickness, and less clearly, of 
course, in the two adjacent slivers, in which it did not extend through the entire 
thickness. 

Microscopically, the nidus was found to be composed of compacted trabeculae of 
highly calcified atypical bone (Figs. 26 and 27). In stating that the bone was atypical, 
we mean that histologically it resembled neither typical fibrous bone nor typical lamellar 
bone. Many of the trabeculae were lined to a large extent by osteoblasts. Where a 
lining of osteoblasts was absent, osteoclasts and Howship’s lacunae could be found abut- 
ting upon the trabeculae. Between the latter there was a fairly vascular connective- 
tissue stroma. 

At its periphery, the nidus was for the most part clearly delimited from the adjacent 
cortex on the one hand and the spongiosa on the other. Here and there, however, an 
occasional trabecula of the nidus was becoming adherent to the perifocal bone. The 
perifocal cortical bone was more or less spongy, and the enlarged vessel spaces contained 
fibrofatty marrow. Furthermore, the line of demarcation between the newly deposited 
and the original cortical bone was not sharp. The perifocal spongy bone also presented 
a fibrofatty intertrabecular marrow. 

Summanj: This is a case of osteoid-osteoma arising in the shaft cortex 
of the tibia of a child. It developed in the medullary surface of the cortex. 
The reactive thickening which it provoked in the cortex was pronounced 
and widespread. It was because the ossified nidus representing the 
osteoid-osteoma was overshadowed by the thickened cortex that this 
nidus failed to stand out in the preoperative roentgenogram and was only 
discovered on serial slicing of the resected block. 



Fig. 2S 

Case 8. Roentgenogram showing a peri- 
osteal osteoid-osteoma represented by the 
roundish protuberance attached to the 
phalanx. 
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Fig. 29 

Case S. Photonucroginph (medium magnification). Xote that the 
osteoid-osteoma lias a substratum of osteogenic connective tissue, containing 
tiabcculae of bone and osteoid, and that it is covered by periosteum, be- 
neath which is a thin shell of bone. 



Fig. 30 


Photomicrograph (medium-high magnification) from a case of osteoid-osteoma 
in which many portions of the lesion still showed pronounced cores of proliferating 
and compacted osteoblasts. In other areas, some osteoid had already been de- 
posited The patient was a boy of thirteen, whose roentgenogram showed a small- 
ish, rarefied area in the spongiosa of a femoral condyle, surrounded by an area of 
osteoscleiosis. He gave a typical history, and excision of the lesion resulted in 
prompt cure. Parts of the lesion are still so cellular that it could be mistaken for a 
somewhat atypical giant-cell tumor or an “osteoblastoma”. 
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Cases of this type are usually misinterpreted as instances of sclerosing 
non-suppurative osteomyelitis or osteomyelitis chronic from the begin- 
ning. They are also sometimes held to represent sclerosing osteogenic 
sarcoma before the diagnosis is changed to one of the diagnoses just 
mentioned. Furthermore, before the era of serodiagnostic tests for 
syphilis such cases were not infrequently misinterpreted as instances of 
non-gummatous syphilitic osteoperiostitis. 

Case 8. The patient was a young woman, twenty-four years of age, who was 
treated at the Hospital on the Service of Dr. H. D. Sonnenschein. She was admitted 
because of a swelling near the base on the radial aspect of the fourth digit of the left 
hand. The swelling had been present for two years, but up to the past eight months 
had not been pronounced. Since then it had increased rapidly, and at the time of ad- 
mission it was beginning to irritate the contiguous part of the middle finger. However, 
the enlarged area itself was not painful at any time. No special trauma had been noted 
in connection with the development of the condition. 

The physical examination yielded no relevant findings, except the ones relating to 
the affected digit. The latter presented a marble-sized, firm swelling of the proximal 
phalanx on its medial aspect. It was firmly attached to the bone and was not tender 
to palpation except at its proximal end. On the basis of the clinical and roentgeno- 
graphic findings, it was held that the lesion was an osteochondroma arising from the 
phalanx. 

Roenlgenographic , Operative, and Pathological Findings 

The roentgenogram (Fig. 28) showed a rounded, bony protuberance, about one 
centimeter in diameter, connected with the cortex of the affected phalanx. This cortex, 
on the medial aspect, had evidently undergone some thickening. The surgeon exposed 
and removed the growth, which was found attached to the thickened cortex. 

The specimen received in the laboratory consisted of a small semilunar osseous mass. 
Microscopically, it was found that the growth was covered on its convex surface by 
periosteum, beneath which was a thin shell of periosteally formed new bone (Fig. 29). 
The growth as a whole was composed of a substratum of osteogenic connective tissue, 
containing many irregular trabeculae of bone and osteoid. On the deep surface of the 
lesion, some osseous fragments were found, which apparently represented the original 
cortical bone of the phalanx. 

Summary: This is a case of osteoid-osteoma in which the growth 
began under the periosteum and essentially remained there. Although 
the phalangeal cortex in the vicinity of its origin did become thickened, 
the growth itself did not become incorporated into and surrounded by 
this cortex. The absence of pain in this case would in itself have been a 
point against a diagnosis of osteoid-osteoma, since, in general, pain is a 
significant clinical feature of the condition in question. The freedom from 
pain in this instance seems to be attributable to the subperiosteal loca- 
tion of the growth, which permitted a sort of decompression of the latter. 

TREATMENT 

Surgery was the method of treatment used, and it gave prompt 
clinical cure. In some of our cases it consisted in removal of the osteoid- 
osteoma proper and some curettage of the perifocal bone. In others, 
especially when the osteoid-osteoma had developed in a shaft cortex, the 
growth was removed more or less intact in its bed of neighboring bone. 
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In fact, in some instances, the lesion was given a fairly wide berth, a 
rather large block of the adjacent bone being resected with it. While 
such wide resection is not altogether necessary, it has had the advantage 
of permitting satisfactory study of the pathology of the condition. In- 
deed, if, instead of block resection, only curettage is done, the osteoid- 
osteoma is likely to be destroyed for purposes of pathological study. It 
is true that the therapeutic end result would probably be the same with 
curettage. However, it is largety the customary use of curettage, with 
consequent destruction of the lesion in cases of osteoid-osteoma (mis- 
diagnosed as some form of chronic osteomyelitis) that has delayed so 
long the histological identification of osteoid-osteoma. 

Whether roentgenotherapy would cure the condition as surgery 
does, we cannot state. Up to the present, we have been grateful for 
the opportunity to study the excised specimens in order to become really 
familiar with the lesion. To one who thinks it advisable to have a 
biopsy specimen before undertaking roentgenotherapy, it can be pointed 
out that, since in cases of osteoid-osteoma the lesion is small, one usually 
may as well make the complete excision. However, at a future time, 
roentgenotherap}’’ should be tried for some of these cases, especially if 
the lesion is in a site which is difficult to approach surgically, such as 
a vertebral body. 


DISCUSSION AND LITERATURE 

In accordance with the reasons given in the previous paper on osteoid- 
osteoma, we still interpret this lesion anatomically as a benign neoplasm 
of bone. On the other hand, the impression that the cases which we are 
classifying as instances of osteoid-osteoma have an infectious inflamma- 
tory basis is deeply ingrained in the minds of roentgenologists and sur- 
geons. Nevertheless, it seems very clear to us that a great many cases 
which, in the past, have been interpreted specifically as “osteomyelitis 
with annular sequestrum”, “chronic bone abscess”, “osteomyelitis with 
cortical-bone abscess”, “sclerosing non-suppurative osteomyelitis”, 
“osteomyelitis chronic from the beginning”, etc., actually belong in the 
category of osteoid-osteoma. That is, they have as their common ana- 
tomical basis a distinctive benign osteoid and bone-forming tumor, of 
slow and limited growth, which, in the course of its development, is 
likely to provoke reactive perifocal new-bone formation, sometimes of 
considerable extent. Much of the misunderstanding of the condition 
has resulted from concentration of attention upon this perifocal reaction 
instead of upon the lesion proper. In fact, unless the latter is removed 
(preferably intact in its bed of bone) and submitted for microscopic 
study, the true significance of the case may be missed, as it usually is. 

Evidence Against the Idea of an Inflammatory Basis for the Lesion 

Our experience with osteoid-osteoma covers thirty-three cases, 
varying as to the site affected, the duration of the clinical complaints, and 
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the stage of evolution of the lesion. If the idea of an infectious 
inflammatory basis had any validity, we should have found clear- 
cut evidence of inflammation in at least a few instances. Even micro- 
scopically, we did not find it in a single case, either in the lesion proper 
or in the perifocal tissue. Specifically, we failed to find microscopic 
evidence either of acute or of chronic pyogenic infection. The micro- 
scopic findings did not even support the assumption that a pyogenic 
inflammation had been present and had subsided, and that one was now 
looking at its residua. It should be noted that, at a site of previous 
pyogenic inflammation, some microscopic stigmata of the latter usually 
persist even after the condition is well on the way to clinical resolution. 
Since in all of our cases the lesion was still clinically active and, neverthe- 
less, showed no signs of inflammation, it is clear that it could not be based 
upon pyogenic inflammation. Furthermore, this is borne out by the 
results of bacteriological examination. In every instance in which cul- 
ture swabbings were taken from the osteoid-osteoma proper, the cultures 
have remained sterile, under both aerobic and anaerobic conditions. 

And still, clinically and roentgcnographiealljq the cases which we 
have discussed under the heading of osteoid-osteoma have for a long time 
been held to have an infectious inflammatory basis. Commonly they 
are interpreted as cases of sclerosing osteomyelitis, bone abscess, or a 
combination of the two. Instances of osteoid-osteoma developing in the 
shaft cortex of long bones have, in particular, been misinterpreted as 
cases of so-called sclerosing non-suppurative osteomyelitis of Garre. 
How and through whom these cases came to have this name attached to 
them we do not know. It is clear, however, that to apply it to them 
is not only incorrect in itself, but it indicates a misunderstanding of what 
Garre himself described under this heading. 

On going back to Garre’s original paper 2 of 1891, one notes first that 
the article as a whole is entitled: “ Einigc scltcne Erscheinangsformcn der 
akuten infektidsen Osteomyelitis” (“Some Unusual Expressions of Acute 
Infectious Osteomyelitis”). He discusses as one of a number of expres- 
sions of acute osteomyelitis “the sclerosing non-suppurative form”. In 
this connection, he specifically states: “I wish to designate as sclerosing 
forms those infectious osteomyelitides which leave behind merely a dis- 
tension and thickening of the bone, without leading to the development 
of suppuration and fistula formation. They set in in typical fashion quite 
acutely, at least in the majority of cases, and run their course with high 
fever, swelling of the extremity, painfulness and distension of the bones, 
and indeed even with considerable infiltration of the soft parts, which 
permits the expectation of prompt formation of abscesses. Instead, 
however, the infiltration regresses quite slowly, while the fever has al- 
ready dropped and the patient is advancing slowly toward healing. 
Nothing remains but a more or less considerable distention of the bone. 

In another paper 3 with a similar title, published in 1893, Garre re- 
peats the essentials of this definition in connection with such cases. In a 

THE JOURNAL OF BONE AND JO TNT SURGER1 



OSTEOID-OSTEOMA 


675 


papor by Peters " from Garre’s Clinic, published in 1919, Garre’s original 
definition is modified by the statement that sequestra and even fistulae 
develop in some eases of the so-called sclerosing non-suppurative form of 
acute infectious osteomyelitis. 

That the eases to which Garre referred under the aforementioned 
heading could by no stretch of the imagination be regarded as resembling 
those which are being described in the present paper should be clearly 
apparent. In our cases, neither the onset nor the course of the condition 
was associated with fever, the patients never presented sequestration of 
bone or fist ulizat ion. and there was no clinical indication whatever of 
infection. What Garre was realty describing were instances of acute 
osteomyelitis, as he himself stated. His own descriptions of these cases 
were written before the era of the roentgen ray in medicine. Further- 
more, they preceded the general use of prompt incision and drainage in 
the treatment of pyogenic bone infections. Hence, the sequestra which 
must have formed were neither demonstrated roentgenographically nor 
exposed by operation upon the affected bone. It was only natural that 
he changed his mind about the “sclerosing non-suppurative form of 
osteomyelitis” when, in the course of years, the sequestra were expelled 
spontaneously through fistulization. 

More plausibly, cases of osteoid-osteoma involving the shaft cortex 
of a long bone have been misinterpreted as instances of “osteomjmlitis 
chronic from the beginning” (“ chronique d’cmblee”). For example, some 
of the cases discussed in Loiret’s thesis 8 of 1924, “Contribution a V etude de 
V ostcomyclite chronique d'emblee des os longs”, are undoubtedly of this 
type. Those discussed by Laffaille 7 under the title “ De Vosteomy elite 
chronique d’etnblee a forme pseudo-tumorale” are probably also of this 
kind. Indeed, a search of the literature on osteomyelitis reveals, under 
these general headings or slight variants of them, a large number of 
papers (especially in French) describing cases which, to our minds, seem 
clearly to represent instances of osteoid-osteoma developing in long bones. 
In this group of cases, it is at least plain that there was no question, in the 
minds of the writers, of frank clinical pyogenic osteomyelitis. On the 
other hand, it is true that no anatomical description is given in these 
papers, which would enable one to establish unequivocally the presence 
of an osteoid-osteoma. 

Furthermore, there are a few cases which, despite the presence of 
such revealing anatomical data, have, nevertheless, been misinterpreted 
as cases of osteomyelitis. One instance in point is the case described by 
Heine 4 in 1927 under the title “ Einheilender Knochensequester an der 
Grundphalanx des Ringfingers” (“Bone Sequestrum in Process of Rein- 
corporation into the Basal Phalanx of the Ring Finger”). The patient 
was a farmer, twenty-six years of age, who had had complaints referable 
to the left index finger for over two years. A roentgenogram, taken some 
time before this finger was disarticulated, showed, in the distal rnetaph- 
ysis of the basal phalanx, a roundish, radiopaque shadow, which was 
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thought to represent a “sequestrum”. Anatomically, too, the lesion 
represented by the shadow was regarded by Heine as a sequestrum. 

However, the microscopic findings which Heine himself records do 
not support this interpretation. In the first place, he makes no mention of 
any dead bone or evidence of inflammation in the lesion in question. 
Furthermore, he states that it is composed substantially of osteoid, 
which is undergoing spotty calcification and which has developed out of a 
vascular spindle-cell connective tissue. To accept this as a sequestrum — 
even an organizing one — is to discard all the generally accepted criteria 
of what a sequestrum is. Certainly no unequivocal sequestrum that we 
have seen has contained anything like this structure within or near it. It 
seems clear to us, on the basis of Heine’s own detailed description, that what 
he was calling an organizing sequestrum was actually an osteoid-osteoma. 

Phemister 12 , too, has reported, under the general heading of osteo- 
myelitis, several cases which seem to us to represent clear-cut instances of 
osteoid-osteoma. At least one of the cases recorded in his article of 
1929, entitled “Chronic Fibrous Osteomyelitis”, is of this type. Again, 
in his chapter on pyogenic osteomyelitis in the monograph “Orthopedic 
Surgery”, edited by Ghormley in 1938, Phemister 13 reports some cases 
which are of this kind. They are discussed under the heading of “local- 
ized osteomyelitis with a chronic onset”. Specifically, he conceives the 
cases in question as representing the healing stages of acute but localized 
and low-grade or attenuated pyogenic bone infections. This idea is based 
upon the hypothesis that “were it possible to observe the pathology at 
the onset, there probably would be some evidences of acute pyogenic in- 
fection, but of mild degree and without extensive necrosis of bone”. 

Phemister adheres to his conception, despite the fact that he had 
been unable to grow bacteria out of any of his lesions, that microscopi- 
cally there was no evidence of inflammation in them, and that the lesion 
sometimes reminded him of giant-cell tumor or of the organizing stage of 
osteitis fibrosa. We cannot go along with him when he thus postulates 
for certain cases an infection basis which is left hypothetical by his own 
anatomical and bacteriological findings. On close analysis, even the 
clinical findings in these cases fail to support this hypothesis, although 
superficially they may seem to do so when the lesion is in the shaft 
cortex of a long bone. 

Another kind of evidence, too, can be offered against the idea of an 
infectious inflammatory basis for the lesion being designated as osteoid- 
osteoma. This evidence is our failure to find, in an extensive experience 
with tissue from unequivocal cases of pyogenic osteomyelitis, anything 
like this lesion in connection with it. Indeed, we have studied material 
from cases of osteomyelitis, varying widely as to location, duration, and 
severity, without ever noting microscopically an area presenting the 
composite histological picture of osteoid-osteoma. We have likewise been 
unable to find this picture in the few anatomically proved cases of solitary 
bone abscess which we have seen. In them, the abscess cavity remains 
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lined by a pyogenic membrane and filled with pus, either frank or modi- 
fied. In the course of time, a solitary abscess cavity may diminish in 
size, but we have never found it being filled by osteogenic connective 
tissue, containing calcifying osteoid and bone, such as constitutes the es- 
sential tissue of an osteoid-osteoma. 

Evidence Against (he Idea That the Lesion Represents a Peculiar Healing or 
Reparative Form of Some Familiar Condition 

It would not be surprising if this idea were suggested as an alter- 
native to that of inflammation. It might be argued, for instance, that 
the lesion represents a peculiar healing reaction to a trauma. However, 
in more than half of our cases the patients gave no history of trauma 
relevant to their complaints. Assuming that there had been a relevant 
acute trauma, the principal possibilities to be considered would seem to 
be fracture, hemorrhage without fracture, or aseptic necrosis. 

As to the possibility that we are dealing with the repair of a post- 
traumatic necrosis, there is nothing in the pathology of our cases to sug- 
gest this. Indeed, there is no vestige of aseptic necrosis, either in the 
osteoid-osteoma proper or in the perifocal osseous tissue. The idea of 
development of the lesion at a site of hemorrhage without fracture is also 
unacceptable. Notably, it is difficult to conceive, in relation to long 
bones, a hemorrhage sharply restricted to a small area within the cortex 
itself or in its periosteal or medullary surface. Even the occurrence of a 
sharplj 1 - localized hemorrhage in the spongiosa is difficult to conceive. 
Furthermore, even granting the possibility of such a hemorrhage, one 
still finds it difficult to explain the osteoid-osteoma as the expression of 
its atypical organization and repair. Certainly, if this were the correct 
interpretation, we should have found somewhere in the numerous slides 
prepared from the specimens in our thirty-three cases some unequivocal 
indications of organization and repair following hemorrhage. As to the 
possibility that osteoid-osteoma represents a peculiar healing reaction 
to an infraction or small fracture, it is only necessary to note that, if this 
were the case, we should have found cartilage in some specimens as an 
expression of callus formation. 

The possibility that the lesion might represent a peculiar healing form 
of giant-cell tumor, “localized osteitis fibrosa”, or cyst also requires 
mention. In regard to giant-cell tumor, it is well known that this has a 
predilection for epiphyses of long bones. On the other hand, in all but a 
few of the many instances in which osteoid-osteoma appeared in these 
bones, it developed in the shaft cortex at some distance from an epiphysis. 
It might be thought that this abnormal site of origin could in itself ac- 
count for the failure of the hypothetical giant-cell tumor to attain large 
size. Against this point there is the fact that when an osteoid-osteoma 
does develop in an epiphysis it still remains a smallish lesion. Finally, 
the cytological pattern of osteoid-osteoma is not to be found in typical 
giant-cell tumor. Altogether, then, there is no reason for regarding an 
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osteoid-osteoma as a giant-cell tumor, even one that is abortive or under- 
going abnormal healing. 

To classify osteoid-osteoma under the heading of “localized osteitis 
fibrosa” might be tempting, but is not illuminating. Indeed, “localized 
osteitis fibrosa” is a “waste-basket” term in bone pathology, holding 
many ill-assorted concepts. For instance, solitary bone cyst is still 
sometimes regarded as one expression of “localized osteitis fibrosa”, of 
which another is supposed to be giant-cell tumor. Furthermore, the 
literature contains many reports on cases of solitary fibroma and fibrous 
dysplasia of bone also discussed under the heading of “localized osteitis fi- 
brosa”. One may then very well ask : “What is localized osteitis fibrosa? ” 
We know of no sensible answer to this question. Therefore, to classify 
osteoid-osteoma as a “localized osteitis fibrosa” only throws one more 
entity into the waste basket. Finally, the idea that an osteoid-osteoma 
might represent the healing stage of a bone cyst is obviousfy far-fetched. 

Evidence Against the Idea That the Lesion Originates from an Embryonic Rest 

The supposition that an osteoid-osteoma might represent an embry- 
onic rest, either static or growing, can likewise be controverted. In the 
first place, it is known that simple rests in bone do not give rise to clinical 
symptoms. Furthermore, the most common rests are cartilaginous ones, 
and no trace of cartilage is to be found in an osteoid-osteoma. It is true 
that cartilaginous rests not infrequently undergo transformation into 
bone, resulting in enostoses, but this transformation is not associated 
with any clinical symptoms. Indeed, solitary or even multiple enostoses 
(the so-called “bone flecks”) are encountered only accidentally by the 
roentgenologist or by the pathologist. They are most likely to be found 
in the spongiosa of long bones. They consist of nests of compacted trabec- 
ulae of adult lamellar bone, distinguished from the neighboring normal 
trabeculae only by this denser consistency. Thus, being in spongiosa, a 
solitary bone fleck bears a superficial roentgenographic resemblance to a 
highly ossified osteoid-osteoma in such a location. However, even in such 
a site, an osteoid-osteoma ought not to be confused with a solitary bone 
fleck. In our experience, an osteoid-osteoma, even when present as a radio- 
paque nidus in spongiosa, still gives rise to clinical complaints. Further- 
more, as must be clear from our discussion of the microscopic appearances, 
it differs also histologically from a solitary enostosis (Figs. 4, 5, and 6). 

Reasons for Interpreting Osteoid-Osteoma as a Benign Tumor of Bone 

From the clinical and pathological findings and the individual case 
reports, it seems justifiable to deduce that osteoid-osteoma represents a 
lesion sui generis.* In all our cases, we were able to demonstrate within 

* We shall cite here the opinion of Dr. James Ewing as to the nature of the lesion. 
After we had submitted our manuscript for publication we showed him our material, 
requesting his comments. We did this because of the tenacity of the old belief, on clini- 
cal and roentgenographic grounds, that cases such as we are discussing under the head 
of osteoid-osteoma have an infectious inflammatory basis, and because of the fact that 
our own opinion contrasts so strongly with this long-accepted belief. 
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tlio affect od bone ami a small, sharply delimited focus composed of vary- 
ing proportions of osteoid and more or less calcified atypical new bone, 
and developing, as eases representing different stages revealed, out of a 
cellular osteogenic connective tissue. In its evolution, the lesion fol- 
lows a consistent pattern: It passes from (1) an initial stage, in which 
actively proliferating and compacted osteoblasts may be prominent 
(Fig. 30), through (2) an intermediate phase, in which osteoid in various 
stages of calcification is conspicuous (Figs. 6 and 22), to (3) the mature 
stage, in which the lesion resembles an osteoma composed of densified 
trabeculae of highly calcified atypical bone (Figs. 26 and 27). The fully 
evolved osteoma is so distinctive in its microscopic appearance that one 
can recognize it at a glance. 

Moreover, osteoid-osteoma develops without apparent cause and 
cannot plausibly be ascribed to infection, however low-grade, to trau- 
matic injury, or to any other demonstrable factor, for reasons indicated 
in the preceding discussion. The focus of atypical new bone thus de- 
veloping apparently constitutes an autonomous lesion displacing the 
bone that would normally occupy the region and pursuing its full course 
of evolution unless interrupted by surgical intervention. To be sure, the 
presence of the slowly expanding focus is usually associated with pro- 
nounced sclerosis of the neighboring osseous tissue, and indeed, when it 
develops in a shaft cortex, the lesion may become incased in the thickened 
and sclerotic cortical bone. However, the sclerotic perifocal osseous tissue 
in no way resembles the lesion proper, which always maintains its identity. 

Taking all these factors into consideration, it seems to us that osteoid- 
osteoma satisfies the criteria generally laid down by oncologists for a 
tumor or new growth. The small size of the mature lesion (up to two 
centimeters in diameter) and its seemingly self-limited nature do not 
necessarily controvert this conception, since it is well known that other 
benign tumors of connective-tissue origin may be quite small with limited 
growth. In the direction of excluding the possibility of malignant trans- 
formation of osteoid-osteoma, it can be said that, during our experience 
with the lesion (now covering seven years), no recurrence has been noted 
in any of our cases. Indeed, in 1936, in a presentation of the subject 
before the American Association of Pathologists and Bacteriologists, 6 it 
was suggested that osteoid-osteoma is possibly the benign counterpart of 
osteogenic sarcoma. However, this suggestion is merely an idea worth con- 
sidering, and not a definite stand. In this connection, it can be stated that 

In his letter, dated April 12, 1940, Dr. Ewing states: “I find it somewhat difficult to 
interpret the process which you designate as osteoid-osteoma. The lesion is specific and 
peculiar. There are several features which favor the interpretation as a neoplasm. 
The process is circumscribed and independent of the surrounding tissue hypertrophy. 
It has its own blood supply in the form of numerous dilated venous sinuses. The new 
growth of osteoid tissue is excessive and somewhat atypical. The cells from which the 
new bone is developed are hyperchromatic and atypical, and they are overnumerous. 
There are no definite traces of any strictly inflammatory process, no old blood pigment, 
no leukocytes, no remnants of old pus, and no old necrotic debris. On the basis of these 
features one is justified in regarding the process as a form of neoplasm. I cannot under- 
stand how such a process can result from infectious osteomyelitis.” 
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tissue areas showing an osteoid-and-bone pattern like that which one sees in 
osteoid-osteoma are found otherwise only in sclerosing osteogenic sarcoma. 

We now turn briefly to a few relevant articles which have appeared 
since our previous paper on osteoid-osteoma. Three of these are reac- 
tions to our concept of the lesion as developed in that paper. The fourth 
deals with a similar but not closely analogous lesion occurring in the nasal 
accessory sinuses. 

Marziani 9 , in 1936, published a paper entitled “Sul cosiddctto osteoma 
osteoide” (“The So-Called Osteoid-Osteoma”). He reported the case 
of a girl of fourteen, who showed, in the spinous process of the fourth 
lumbar vertebra, a lesion which he regarded as corresponding to the one 
which we had described. He, too, felt that the lesion belonged to a dis- 
tinctive category, and he tended toward the opinion that it was a neo- 
plasm, although he did not yet wish to be emphatic on that point. In 
1938, under the title of “ Osservazioni clinichc ed anatomo-istologiche sail’ 
infiammazione primitiva cronica della spongiosa ossca” (“Primary Chronic 
Inflammation of Spongy Bone”), Mondolfo 10 published a paper dealing 
with the lesion in question, but, as his title implies, he rejected the con- 
ception of it as a neoplasm. Mondolfo’s paper includes seven cases, 
three of which he discusses in detail to bring out their complete similarity 
to the ones originally described b} 1- Jaffe. He interprets the lesion as 
representing a direct or primary reparative inflammatory reaction of 
the spongiosa to an attenuated infection. He takes the lack of micro- 
scopic signs of inflammation in connection with the lesion as evidence of 
attenuation of the infection. At best, his conception is only a hypothesis, 
opposed notably by the fact that, in connection with the healing of known 
infections of bone of long standing, tissue corresponding to what we have 
called osteoid-osteoma does not appear. Mondolfo’s insistence that 
osteoid-osteoma represents an inflammatory lesion stands in contrast to 
the acceptance by Thoma 14 , in 1938, of the lesion as a tumor. The lat- 
ter author pictures, in relation to the mandible, a rather closely analogous 
lesion which he calls a fibro-osteoma. 

Finally, Benjamins 1 , in 1938, under the title, “Das Osteoid-Fibrom 
mit atypischer Verkalkung im Sinus frontalis” (“Osteoid-Fibroma with 
Atypical Calcification in the Frontal Sinus”), discusses a less closely 
analogous lesion, which developed in the left frontal sinus. His patient 
was a girl of nineteen in whose case the histoiy dated back seven years 
and in whom he found a tumor of rather gritty, crumbly consistenc 3 r oc- 
cupying the sinus and apparently originating from the periosteum of the 
orbital roof. The lesion was composed basically of osteoblastogenic con- 
nective tissue, containing also miliary osteoid concretions, which had 
undergone atypical calcification. This osteoid-fibroma differed from the 
lesion which we have described as osteoid-osteoma in that, despite its 
age, it contained no genuine bone, while an osteoid-osteoma eventually 
shows this. Nevertheless, Benjamins regarded the lesion in his case as a 
special type of benign tumor, and indeed the pathologist who had first 
examined it thought it represented a malignant tumor, specifically an 
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ost eosarcomu. Benjamins recorded from the literature five other cases 
showing lesions of this type in nasal accessory sinuses, and classified them 
under the single heading of osteoid-fibroma with atypical calcification. 

SUMMARY 

On the basis of additional experience, the condition which one of us 
(H. L. J.) described in 1935 under the name of osteoid-osteoma has again 
been considered. Including the five cases originally described, our total 
experience with the condition now covers thirty-three cases. In the 
present paper, we have, of course, drawn on this total experience for the 
statistics and the general sections on the clinical, roentgenographic, path- 
ological, and therapeutic findings. In addition, this paper records details 
on eight cases (not including any already described in the original paper) 
which have been selected to convey a well-rounded picture of the condi- 
tion as one encounters it in individual instances. 

Our thesis is that osteoid-osteoma constitutes a lesion sui generis and 
specifically is a distinctive benign tumor appearing in bones. It is al- 
ways a small lesion affecting a single bone. It may develop in the spon- 
giosa or in the cortex of the affected bone, and it stands out from the 
surrounding osseous tissue as a sharply delimited nidus. The latter is 
usually composed of osteoid and more or less calcified atypical new bone, 
which can be seen to have developed out of a rather vascular osteogenic 
connective tissue. From the findings in our series of cases, an osteoid- 
osteoma seems to run the following histogenetic course: It appears to 
pass from (1) an initial stage, in which actively proliferating and com- 
pacted osteoblasts may be prominent, through (2) an intermediate phase, 
in which osteoid in various stages of calcification is conspicuous, to (3) 
the mature stage, in which the prominent feature of the lesion is the 
presence of densified trabeculae of highly calcified atypical bone. When 
an osteoid-osteoma develops in spongiosa, a narrow or even fairly wide 
zone of the surrounding spongy osseous tissue usually becomes densified 
and sclerotic: if an osteoid-osteoma develops in cortex, the latter, too, 
tends to become thickened, mainly through periosteal new-bone deposi- 
tion. In fact, if the lesion develops in the cortex of a long bone, as it not 
infrequently does, the reactive cortical thickening may be very striking. 

Thus, in interpreting the roentgenographic picture in a case of osteoid- 
osteoma, one must remember that this picture has two aspects, — the 
manifestation of the osteoid-osteoma proper and that of the reaction 
which it has incited in the surrounding tissue. The osteoid-osteoma 
proper is usually indicated roentgenographically by a relatively radiolu- 
cent or rarefied area, although, if it has become substantially ossified, it 
may appear as a relatively radiopaque nidus. In the cortex of a long 
bone, one may have difficulty in distinguishing the osteoid-osteoma 
shadow if the reactive cortical thickening is considerable or if the lesion 
has become ossified, since its shadow may be dominated by that of the 
thickened cortex. In any event, because the roentgenographic picture 
has these two aspects, a case of osteoid-osteoma in a spongy-bone area is 
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tissue areas showing an osteoid-and-bone pattern like that which one sees in 
osteoid-osteoma are found otherwise only in sclerosing osteogenic sarcoma. 

We now turn briefly to a few relevant articles which have appeared 
since our previous paper on osteoid-osteoma. Three of these are reac- 
tions to our concept of the lesion as developed in that paper. The fourth 
deals with a similar but not closely analogous lesion occurring in the nasal 
accessory sinuses. 

Marziani 9 , in 1936, published a paper entitled “Sul cosidddto osteoma 
osteoide ” (“The So-Called Osteoid-Osteoma”). He reported the case 
of a girl of fourteen, who showed, in the spinous process of the fourth 
lumbar vertebra, a lesion which he regarded as corresponding to the one 
which we had described. He, too, felt that the lesion belonged to a dis- 
tinctive category, and he tended toward the opinion that it was a neo- 
plasm, although he did not yet wish to be emphatic on that point. In 
1938, under the title of “ Osservazioni clinichc ed anatomo-istologichc sull 1 
injiammazione primitiva cronica della spongiosa ossca” (“Primary Chronic 
Inflammation of Spongy Bone”), Mondolfo 10 published a paper dealing 
with the lesion in question, but, as his title implies, he rejected the con- 
ception of it as a neoplasm. Mondolfo’s paper includes seven cases, 
three of which he discusses in detail to bring out their complete similarity 
to the ones originally described by Jaffe. He interprets the lesion as 
representing a direct or primary reparative inflammatory reaction of 
the spongiosa to an attenuated infection. He takes the lack of micro- 
scopic signs of inflammation in connection with the lesion as evidence of 
attenuation of the infection. At best, his conception is only a hypothesis, 
opposed notably by the fact that, in connection with the healing of known 
infections of bone of long standing, tissue corresponding to what we have 
called osteoid-osteoma does not appear. Mondolfo’s insistence that 
osteoid-osteoma represents an inflammatoty lesion stands in contrast to 
the acceptance by Thoma u , in 1938, of the lesion as a tumor. The lat- 
ter author pictures, in relation to the mandible, a rather closely analogous 
lesion which he calls a fibro-osteoma. 

Finally, Benjamins 1 , in 193S, under the title, “Das Osteoid-Fibroin 
mit atypischer Verkalkung im Sinus frontalis ” (“Osteoid-Fibroma with 
Atypical Calcification in the Frontal Sinus”), discusses a less closely 
analogous lesion, which developed in the left frontal sinus. His patient 
was a girl of nineteen in whose case the history dated back seven years 
and in whom he found a tumor of rather gritty, crumbly consistency oc- 
cupying the sinus and apparently originating from the periosteum of the 
orbital roof. The lesion was composed basically of osteoblastogenic con- 
nective tissue, containing also miliary osteoid concretions, which had 
undergone atypical calcification. This osteoid-fibroma differed from the 
lesion which we have described as osteoid-osteoma in that, despite its 
age, it contained no genuine bone, while an osteoid-osteoma eventually 
shows this. Nevertheless, Benjamins regarded the lesion in his case as a 
special type of benign tumor, and indeed the pathologist who had rs 
examined it thought it represented a malignant tumor, specifically an 
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A SPECIAL STUD-BOLT SCREW FOR FIXATION OF 
FRACTURES OF THE NECK OF THE FEMUR 

BY F. E. GODOY-MOHEIUA, M.D., SAO PAULO, BRAZIL 
Professor of Orthopaedic Surgery, University of Siio Paulo, Brazil 

In this paper the author wishes to describe a device and technique for 
osteosynthesis of the neck of the femur, which he has used successfully in 
ten cases. The technique is very simple, and only a few instruments are 
necessary. In each case the operation has been performed more easily 
and speedity than an 3 r other previously used method, and the result has 
been excellent. 

A good osteosynthesis of the neck of the femur demands: (1) that the 
operation be associated with a minimum of shock and of local trauma; 
(2) that the mechanical principles utilized be sound; and (3) that the fixa- 
tion be solid and durable. 

The Smith-Petersen nail is most frequently used at present. Its in- 
troduction was indeed a turning point in the treatment of this type of 
fracture, yet it presents certain technical limitations: 

1. The impaction obtained by the nail lacks firmness, and very often 
the nail slips out. 

2. The use of a mallet to introduce the nail induces trauma, which 
is responsible in a measure for the trophic disturbances that are often 
encountered. 

3. On account of the absence of complete fixation and impaction, 
the newly formed blood vessels, emerging from the trochanteric aspect to 
the head of the femur, are torn. Because of this, the nutrition of the head 
is further impaired, causing an exaggeration of the trophic disturbances. 

4. A second operation may occasionally be necessary, in order to 
remove a nail which has slipped, but which otherwise has been well 
tolerated. 

Because of these limitations, the author began a search for a meth- 
od of fixation which would promise greater stability. It was evident 
from the first that a screw has better fixation qualities than a nail. A 
large number of screws have been designed for the neck of the femur. 
Henderson, Lippmann, Putti, and others have adopted stud-bolt screws. 
The so-called stud-bolt type of screw has been used for a long time by 
Lambotte and others in the treatment of fractures of the long bones. The 
French authors call it “boulon”. After many experiments on dry bones, 
the author designed a special-thread stud-bolt screw (Fig. 1) with its 
center cannulated to permit the passage of a Kirsclmer wire. It consists 
of three parts: (1) the screw itself ; (2) a cupped flange; and (3) the locking 
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nut. The flange is hollow and is made with an inclination to suit the 
bone surface. The nut is inserted inside the flange. The tightening 
adjustment takes place at the inner end of the nut within the flange. The 
nut is hollow at its inner end and is threaded to receive the distal portion 
of the screw. The thread of this screw is similar to the helicoid screw of 
Danis, but it is much higher and sharper. The thread takes hold only in 
the head of (he femur. 



Fig. 1 

The screw is a special-thread stud-bolt device with its center cannulated to 
permit the passage of the wire. ( Courtesy of Brasil-Medico.) 



A new set of in- 
struments was also 
devised to facilitate 
the correct insertion of 
the screw. This set 
consists of two can- 
nulated electric drills, 
a wrench, and a special 
“elbow” attachment 
(Fig. 2) for mounting 
the drill and burr at 
a right angle to the 
motor. The drill is 
connected with the 
elbow which is pro- 
vided with a revolving 
spindle, the two parts 
of which are joined 
at its center by a 
right-angled gear to 
change the direction 
of the motion. A portion of this instrument which is attached to the drill 
is perforated at its base for the insertion of the Kirschner wire. 


Fig. 2 

Special attachment (elbow) for mounting the drill and 
burr to the motor. The direction of motion is changed by 
means of a right-angled gear. 


REPORT ON THE FLEXION STRESS OF THE SCREW 

The Institute of Technicological Research of the State of Sao Paulo 
was asked to test the strength of the fragments of a fractured human 
femur, held together by the author’s stud-bolt screw, when pressure ivas 
applied at both ends. The Amsler apparatus, designed for a maximum 
load of 500 kilograms, was employed. Under a load of 100 kilograms, 
slight motion to the extent of five-tenths of a millimeter was observed by 
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Fig. 3 

Fragments of fraetuied human fe- 
mur, held together by stud-bolt sciew, 
being tested on Anislcr apparatus. 


D 





Fig. A 

Specimen shown in Fig. 3. Impac- 
tion of fragments was secure until 150 
kilograms of pressure was applied. 



Fig. 5 

Same specimen as in Figs. 3 and 4. 
At 251 kilograms of pressure the screw 
had begun to bend. 


means of a microscope. When a 

load of 150 kilograms was applied, the sliding motion increased and was 
visible to the naked eye. Under 251 kilograms of pressure, the screw 
began to bend, and it broke under a stress of 317 kilograms. Further 
experiments established the fact that fractured bones held together by 
these special screws were stronger than unfractured bones. 

It should be added that the conditions of the experiments were far 
less favorable than actually exist in living bone, because living bone is 
never subjected to a continuous strain as in this test, and, with its added 
elasticity, it would be more resistant to pressure. Furthermore, an 
oblique fracture was tested, and in this type the fragments have the great- 
est tendency to slide and to separate. 

The Institute was also consulted to determine whether the screw was 
weakened by the cannulation and reported that the screw is almost as 
resistant to bending forces as a non-cannulated screw of the same size. 


OPERATIVE TECHNIQUE 

After the fracture has been reduced, both limbs are maintained at a 
45-degree angle of abduction and the fractured limb in 25 degrees of 
internal rotation. Under local anaesthesia, an incision, about six cen- 
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t iniet crs long:, is made on t ho outer aspect of the greater trochanter. Two 
centimeters below the tuberosity of the femur and slightly anterior to 
the middle of the outer aspect of the shaft, a Kirschner wire, two millime- 
ters thick and thirty centimeters long, is introduced through the greater 
trochanter and into the center of the neck of the femur, using one of the 
well-known guards. In four of the author’s cases the wire was introduced 
through the skin under local anaesthesia without exposure of the bone. 
The incision was made only after the wire had been correctly inserted. 
Thus the actual time required for the open operation is only a few min- 
utes. It is important that the wire be placed in the center of the neck. 


If the first attempt fails, the wire 
may be withdrawn and reinserted, 
or the original wire may be left in 
situ as a guide for the second. The 
position of the wire is always 
subject to roentgenographic con- 
firmation. The rotary movement 
by means of which the wire is in- 
troduced causes it to fit rather 
loosely. A few taps of a mallet 
drives it in a little farther and 
makes it fit more snugly. 

The next step provides for a 
channel for the screw. This chan- 
nel is made with an electric burr 
of the author’s design (Fig. 6), 
which is grooved for the purpose 
of fitting over the wire. The 
burr perforates the bone to a 
depth of two centimeters, which is 



Fig. 11-A 


Case 1. J. de C., male, aged forty-two 
years. Roentgenogram on August 29, 1938, 
showing fracture of neck of right femur. 



Fig. 11-B Fig. H-C 

Case 1. Anteroposterior and lateral roentgenograms, showing accurate reduc- 
tion of fracture. 
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Fig. 11-1 Fig. 11-J 

Case 1. Roentgenograms showing lesult on December 29, 1939. 


sufficient to receive the cupped flange. The channel is then ex- 
tended with another drill, which is longer and narrower than the 
first (burr) and which is designed to permit the introduction of the screw. 
The depth of this perforation is determined from the roentgenograms 
and is limited by means of a regulating device. The channel must not 
be made so deep as to loosen the wire completely. In spite of this pre- 
caution, if the wire should slip out as the drill is being withdrawn, it is 
very easj r to replace it. The drill is reintroduced into the bone channel ; 
then the wire guided by the drill is driven in and fixed in the head of the 
femur with a few taps of the mallet, just as before. 


With a special type of wrench (Fi 
When the screw is in place, the flange 
is introduced and adapted to the 
first portion of the channel. The lock- 
ing nut is next placed in the opening 
of the flange and is manipulated 
until the threads catch the screw. 
The locking nut has been so constructed 
that , even if the screw is short and does 
not protrude, it can be caught and 
threaded in the interior of the flange. 
This has the advantage of permitting 
the use of a somewhat shorter screw than 
is otherwise employed, thus avoiding 
the necessity of cutting off the protruding 
extremity. With an open-end socket 
wrench, the nut is then taken up on 
the screw until it is tight, — that is, 
until the head of the femur has been 
brought into firm contact with the 
distal fragment. 


. 8), the screw is then introduced. 



Fig. 12-A 

Case 3. A. A., female, aged sixty 
years. Roentgenogram on September 
7, 193S, thirty-nine days after fracture 
of left femur, showing absence of 
reduction. 
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Fig. 12-B 


Fig. 12-C 



Fig. 12-D Fig. I2-E 

Case 3 Showing function seventy-five days after operation. 


Case 3. Anteroposte- 
lior and lateral roent- 
genograms, on September 
19, 1938, the day after 
operation. 

The bone fragments 
adapt themselves to 
each other in such a 
way as to form a solid 
unit, since the pres- 
sure of the impaction 
obtained by the screw 
may be carried to any 
desired degree. This 
pressure can be devel- 
oped to a pomt only 
possible by the use of 
such a high helicoid 
thread, which takes a 
veiy Jinn hold in t he 
head of the femur. 


ROENTGENOGRAPHIC TECHNIQUE 

It is preferable to use two portable roentgen-ray machines, — 
one for the anteroposterior view and the other for the lateral view. The 
advantages of two machines are self-evident: much time is saved, and 
there is less danger of interference with asepsis by reason of frequent 
manipulation of the tube. 

Normally only seven roentgenograms are required. The first meas- 
ures the length of the neck of the femur, in order to determine the proper 
length of the screw. The second, taken in both planes, checks the reduc- 
tion of the fracture. Two more roentgenograms are taken to check the 
position of the wire, and the final films at the end of the operation confirm 
the proper placing df the screw. 
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DISCUSSION 

Tin* following discussion shows (hat the method described meets the 
requirements of a good osteosynthesis of the neck of the femur: 

1. The simplicity of this technique is apparent. The trauma is 
minimal, and the only hammering required is a few taps of the mallet on 
the tip of the wire. Very little cancellous bone is destroyed. 

2. The mechanics arc so precise and so simple that no extraordinary 
skill is required. The preparation of the channel for the screw in the neck 
of the femur by means of an electrically operated drill , guided by the wire, 
avoids the possibility of an error, and there is no danger that the head will 
turn or become dislocated, as during the use of a hand drill. It is obvious 
that once the channel is prepared the screw can be introduced exaetty 
into the center of the neck with complete security. 

3. The t bird requisite, solidity, is perfectly fulfilled by this tech- 
nique. Particular care has been taken in the selection of the steel used 
to make the screw, and the resistance, solidity, and fixation have been 
carefully tested. 

The metal used in 
the manufacture of 
the screw is known 
technically as “aus- 
tenitic” stainless 
steel and contains 18 
per cent, chromium, 

8 per cent, nickel, 
and a small amount 
of molybdenum. 

This steel was fi- 
nally selected after p rG . 12 -F 

experiments with six Case 3. Showing function seventy-five days after operation. 




Fig. 12-G Fig. 12-H 

Case 3. Anteroposterior and lateral roentgenograms, showing result on June 14, 
1939. 
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different types of stainless steel. At present, the screw is also made of 
vitallium. 


CLINICAL APPLICATION 


This operation has been performed in ten cases. Two of them are 
too recent to estimate the results, but, of the remaining eight cases, a 
postoperative period of from ten to sixteen months has elapsed in seven. 
One patient (Case 2) was walking very well, but died eight months after 
the operation from a cerebral hemorrhage. The other seven patients are 
in perfect condition. They can walk freely without pain, and they have 
bony union with a full range of motion. The roentgenograms which are 
reproduced are the most recent that could be obtained, and they show the 
anatomical conditions. Where recent roentgenograms could not be 

obtained, the author has given the 
information which he has re- 
ceived in regard to the actual con- 
dition of the patients. 

CASE REPORTS 

Case 1. J. de C., male, forty-two 
yeais of age, fell on August 28, 1938, and 
sustained a fiacture of the neck of the 
right femur. He was admitted to the 
hospital twenty-four hours after the ac- 
cident, and the limb was put up in light 
abduction and flexion, with traction for 
four days. An operation, using the 
technique described, was perfoimed on 
September 5, 1938. No ■plaster cast was 
applied. The patient sat up on the day 
of the operation, complaining slightly of 
pain in the knee. The wound healed per 
piimam, and the sutuies were lemoved 



Pig. 13-A 


Case 4. J. M., male, aged forty-five 
years. Roentgenogram twenty days after 
fracture of neck of right femur, showing 
absence of reduction. 



Fig. 13-B 



Case 4. Anteroposterior and lateral roentgenograms, showing screws correctly 
placed. 


THE JOURNAL OF BONE AND JOINT SURGERY 




FRACTURES OF THE NECK OF THE FEMUR 


693 


on the Hindi postoperative clay. On that day the patient was able to walk, but, as a 
matter of precaution, he was ordered to keep off his feet for three months. He was dis- 
charged from the hospital, and, as lie felt no pain, he bore weight on the limb and walked 
freely. In January ID 10 this patient was walking without restriction and without pain or 
fatigue. He had bony union and a normal range of motion. 

Case 2. A. C. C., male, sixty years of age, fell and fractured the neck of the right 
femur. Six weeks afterward, on September •(, I93S, he was admitted to the hospital 
with the fracture still unreduced. Traction in abduction and flexion was applied, and 
an operation was performed on September 9, 1938. JVo plaster casl was applied, and 
healing took place per pi imam. The patient sat up the day after the operation and 
walked on the twentieth day. He was walking very well and without pain, but he suf- 
fered a cerebral hemorrhage eight months after the operation and died a few weeks later. 

Case 3. A. A., female, sixty years of age, was admitted to the hospital on September 
In, 193S. She had fallen 
and bad fractured the 
neck of the left femur 
forty-1 ive days previously. 

Traction in the usual posi- 
tion was applied for three 
days. An operation, by 
the technique described, 
was performed on Septem- 
ber IS, 193S. No plaster 
cast was applied. The 
patient sat up the follow- 
ing day, and the wound 
had healed per primam on 
the eighth day. Walking 
was possible on the four- 
teenth da} - . In January 



Fig. 13-D 



Fig. 13-E Fig. 13-F 

Case 4. Photographs showing function fifty-eight days after operation. 
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Fig. 13-G 

Case 4. Roentgenogram on December 1, 
1938, fifty-eight days after operation. 


sit up and move the leg freely. Healing 
walked on the tenth day. Since then she h 
there is bony union. 


1940 the patient was walking perfectly 
and painlessly. She had bony union 
with a complete range of motion. 

Case 4. J. M., male, forty-five 
years of age, was admitted to the hospital 
on September 25, 1938. Twenty days 
before, he had suffered a fracture of the 
neck of the right femur. An operation 
was performed on October 4, 1938. No 
plaster cast was applied. The wound 
healed per primam, and on the tenth day 
the patient could walk freely. Bony 
union was present. 

Case 5. M. P., female, seventy- 
eight years of age, was admitted to the 
hospital on November 17, 1938. Some 
hours before, she had fallen and had sus- 
tained a fracture of the neck of the right 
femur. Traction was applied as usual. 
An operation was performed on De- 
cember 3, 193S. No plaster cast teas ap- 
plied. The next day the patient could 
took place per primam , and the patient 
as walked normally and without pain, and 


Case 6. M. C. S., female, seventy-two years of age, was admitted to the hospital 
on December 19, 1938. She had fallen the same day and had sustained a fracture of the 
neck of the left femur. Traction was applied. An operation was performed on January 
3, 1939. No plaster cast was applied. The patient was able to sit up two days afterward, 
and healing took place per primam. The patient walks perfectly, and bony union is 
present. 


Case 7. I. A., female, sixty-five years 



Fig. 14-A 

Case 5. M. P., female, aged seventy- 
eight years. Roentgenogram on No- 
vember 17, 1938, showing fracture of 
neck of right femur.. 


of age, was admitted to the hospital on Janu- 
ary 4, 1939, sixty days after a fall, which 
had caused a fracture of the neck of the left 
femur. She complained of pain, and it was 
impossible for her to walk. Traction was 
applied as usual. An operation was per- 
formed on January 13, 1939. No plaster 
cast xvas applied. The patient sat up the 
next day. The wound healed per primam. 
The patient walked the fourteenth day, and 
since then she has walked freely. Bony 
union is present. 

Case 8. M. C. F., female, sixty-eight 
years of age, was admitted to the hospital 
on March 3, 1939. Twenty-two days pre- 
viously she had fallen and had fractured the 
neck of the right femur. Traction was ap- 
plied as usual, and an operation was per- 
formed on March 15, 1939. No plaster cast 
ivas applied. The patient was able to sit 
up the next day. Healing took place per 
primam. The patient began to walk on the 
sixteenth day and is now walking normally. 
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Fig. 1-1-B Fig. 14-C 

Case o. Anteroposterior and lateral roentgenograms, showing result on January 
•1, 15)40. 


Cask 9. A. W., male, foi ty-one years of age, was admitted to the hospital on August 
24, 1939, three days after lie had sustained a fracture of the neck of the left femur. He 
aho had advanced cardiac disease. An operation was pel formed on August 25, 1939. 
No plaster cast was applied. The patient sat up the next day. The wound healed per 
primam. The patient stood up on the fourteenth day and was able to walk with two 
canes on the twenty-fifth postoperative day. He now walks freely. 

Cask 10. D. M., female, seventy-five years of age, was admitted to the hospital 
on December 19, 1939, with a fractuie of the neck of the femur, caused by a fall the day 
before. Traction was applied, and an operation was performed on December 27, 1939. 
No plaster cast was applied. A small hematoma was evacuated, but healing was undis- 
turbed. The patient was able to stand up on the fourteenth day and to walk on the 
twentieth day. 



Case 7. I. A., female, aged sixty-five Case 7 Roentgenogram on Februarv 

years. Roentgenogram on January 9, 1% 1939, lorty-two days after oDemtinn 

1938, sixty-five days after fracture of 
neck of left femur, showing absence of 
reduction. 
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Fig. 10- A 

Ca^c S. M. C. F., female, aged sixty- 
eight years. Roentgenogram on March 
7, 10'.’, S, twenty-six days after fracture of 
neck of right femur, showing absence of 
reduction. 


Figs. lf>-B and 1G-C 

Case S. Anteroposterior and lateral 
loentgenograms on April 11, 1039, 
twenty-seven days after operation. 


Fig. IG-A 



Fig. 10-B 



f Fig. HFC 


SUMMARY ^ 

The principal characteristics of the technique* for ostcofcjntl 
the neck of the femur which has been described are as follows. 

1. A stud-bolt screw with a very sharp and high helicon jj lP 

been devised. The thread takes hold only m the head of l ,c ^ ^ re _ 
screw is cannulated, so that it may be guided by a Ku^ 1,1 
viously inserted. , eilt ndvan- 

2. A n electric drill, also eanmdatcd, is used. It has ^ manner, 
tage of perforating the head and the neck very smooth !} . ^ jna( jc is 
the separation or turning of the head while the chanw ?s 

avoided. , ( j l , ces minimal 

3. No hammering is required, and the operation 1 

trauma. . t q l6 neck that 

4. As the head of the femur is so firmly held ‘“J J” p]ace a t the site 
it amounts to impaction, no rotation or flexion can 9 eY j oUS ly in use 
of fracture. The weak point of most of the met ^ j eBtt ur. 

has been the lack of this firm anchorage of the hca mGEB y 

tiik journal or n0N ' 
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*'• Thr ttchnujut' dispenses with (he application of a cast. Patients 
arc allowed to sit up in lied on the day of the operation. Eight of the 
author's patients were permitted to walk without a east from nine to 
twenty days after operation. This shows the solidity of the synthesis. 
Roentgenograms taken thereafter showed no evidence of movement of the 
fragments. Active motion should hr instituted from the beginning. 

0. The screw has always been well tolerated, and up to the present 
the author never has had to operate for extraction of the screw. 
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Haxis, Itonr.UT: Technique dc Posteosynthcsc. l-.tudo dc quolques procedos. p. 64. 
Pari-;, Masson A: C 1 '*, 1032. 

GonoY-Monr.ntA, F. li.: 0 tratainento operntorio das fim-Hira*- do collo femural. Seus 
prinripirw fundamentnes e sun solueao technics. Bi.i-il-Medico, LII, 1027, 1938. 
Hr.NnKusox, M. S. : Internal Fixation of Fractures of the Xcrk of the Femur. Arch. 
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Beige d'Kditions Seicntifiques, 1024. 

I.iitmax.y, R. K.: Corkscreiv-Bolt for Compression-Fixation of Femoral Neck Fractures. 
Am. J. Surg., XXXVII, 70, 1937. 

Mauottou, 0. R.: Instrumental y tecnica del Dr. Godov Moreira para la osteosintesis 
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Note: The mechanical construction of the screw with its technical application has 
been described by Dr. Godov-Moreira in Brasil-Medico and by Dr. O. R. Mardttoli in 
Boldines de la Socicdad dc Cirugia dc Rosario. Although it is not the custom of The 
Journal to publish descriptions of apparatus or technique which has been previously 
reported elsewhere, we are making an exception in this ease, since so few of our readers 
have access to either of these journals. — Editor 
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SPONTANEOUS DISLOCATION OF THE ATLANTO-AXIAL 
ARTICULATION, INCLUDING A REPORT OF A CASE WITH 

QUADRIPLEGIA 

BY MILTON J. WILSON, M.D., F.A.C.S., ARTHUR A. MICHELE, M.D., AND 
EDWIN W. JACOBSON, M.D., NEW YORK, N. Y. 

From the Department of Orthopaedics and Fractures*, New York Medical College and Flower- 
Fifth Avenue Hospital; and the M elropolilan Hospital, New York 

In recent years, there has arisen a new clinical entity, known as 
“spontaneous dislocation of the atlanto-axial articulation”. We define 
this type of dislocation as one without known trauma, direct or indirect; 
and with no discernible organic disease of the bone. Falling downstairs 
is a common direct trauma, while throwing a ball forcibly is an adequate 
indirect one. Tuberculosis and syphilis are the usual organic offenders. 

After a careful survey of the entire literature, we have compiled 
twenty-eight acceptable cases of true non-traumatic atlanto-axial dis- 
locations, not associated with diseases of the vertebrae or their ligamen- 
tous attachments. These include one case of our own, complicated by 
a complete quadriplegia, which was treated successfully nearly two years 
ago and which has not recurred. 

In 1908, Wittek, in reporting a case, suggested that the ligaments of 
the atlanto-axial joint had become distended from a “metastatic effusion” 
into the joint. Swanberg (1919) believed that in his case the transverse 
ligament of the atlas had ruptured. He was doubtful, however, that the 
history of this non-traumatic lesion was complete. Sudeck (1923) ex- 
plained his first case as being due to excessive passive rotation under nar- 
cosis. Although his second case had a traumatic etiology, he explained 
it on the basis of an incoordinate reflex action. This theory Brinkmann 
(1928) accepted as a physiopathological factor in his non-traumatic 
case. In 1930, Desfosses called attention to the article of Grisel, who 
believed that the dislocation was due to a contracture of the suboccipital 
muscles, following the lymphadenitis of a nasopharyngeal infection. 
Berkheiser and Seidler (1931) offered as a possible explanation effusion 
into the joint capsule with overdistention of the ligaments, similar to the 
theory of Wittek. They added, however, swelling of the anterior and 
posterior bursae as contributory factors. Greig (1931) suggested hy- 
peraemia, followed by decalcification (about the ligamentous attach- 
ments that hold the atlas in place) with subsequent relaxation of the 
ligaments and dislocation of the vertebrae. Watson-Jones (1931) joined 
Swanberg in his view of rupture of the transverse ligament as the cause 
of the dislocation. Watson-Jones stated that the condition is peculiar 
to children at an age when the bones are imperfectly developed and poorly 
* Anson H. Bingham, M.D., F.A.C.S., Director. 
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ossified. In our case, however, the patient was well advanced in life. 
Coutts (1934) discussed twenty cases of “distention subluxation”, but, 
since his article contained no case histories, it could not be used for a sta- 
tistical study. Zeitlin and Odcssky (1934) favored Grisel’s theory. Hess, 
Bronstein, and Abclson (1935) combined several of the theories. They 
believe in spasm of the cervical muscles, associated with loosened liga- 
ments, and they add that rotation may play a part. Frank (1936) be- 
lieved in Greig's theory, but mentioned those of Berkheiser and Seidler 
and Grisel. Steele (1937) explained his case on the theory of dis- 
tention of the bursae about the atlas, as advanced by Berkheiser and 
Seidler. 

Several authors have presented cases deriving their origin from foci 
of infection. Bciger (1905) reported a case of chronic rheumatic fever in 
a boj" of seventeen; and Jacobs (1918), one of acute articular rheumatism. 
The latter postulates distention of the joint and relaxation of the liga- 
ments as a result of toxins. Stammers and Frazer (1933) reported a case 
of non-specific arthritis, and mentioned Robert Milne, who had seen 
“several cases of spontaneous dislocation of this nature, mostly in young 
people, in association with rheumatic fever; in two cases with endocardi- 
tis”. Hess and his co-authors (1935) quoted Jaksch and Coudray as 
reporting two cases with chronic rheumatism. 

In the case of Steele (1937) there was an associated spontaneous 
dislocation of the hip apparently by a similar mechanism. Frank (1936) 
pointed out that this dislocation of the atlas may be compared to sub- 
luxation of the hip sometimes seen complicating exanthemata, ty- 
phoid, and mastoiditis. Heikkila (1937) reported a case of dislocation of 
the atlas following acute epidemic parotitis. 

For purposes of completeness, we think it best to mention several 
cases that have been freely quoted by previous authors and which we 
have excluded. Bell (1830) not only omitted essential data, but his 
case was complicated by an eroding luetic ulcer of the posterior pharyngeal 
wall. The cases of Corner (1907), Wittkop (1910), Black (1910), Ely 
(1911), Whitman and Myerding (1934), Brav (1936), Paltrinieri (1937), 
and Clavel and Faure (1937) have a direct traumatic history and have 
been discarded. Ogilvy (1913) cited a case of dislocation induced by 
throwing a ball. We consider this indirect trauma. 

ANATOMY 

The articulation of the atlas with the axis consists of four joints 
(two are pivot joints and two are arthrodial or gliding joints): (1) be- 
tween the posterior surface of the anterior arch of the atlas and the front 
of the odontoid process, (2) between the anterior surface of the transverse 
ligament of the atlas and the back of the odontoid process, and (3 and 4) 
on both sides between the articular processes of the atlas and the axis. 
There is a bursa on each side of the odontoid process, separating it an- 
teriorly from the transverse ligament of the atlas. Each of the four joints 
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has its own synovial membrane. The four ligaments which connect these 
bones are: (1) the two articular capsules, connecting the margins of the 
lateral masses of the atlas with those of the posterior articular surface 
of the axis; (2) the anterior atlanto-axial ligament, fixed from the lower 
border of the anterior arch of the atlas to the front of the body of the axis; 
(3) the posterior atlanto-axial ligament, attached from the lower border 
of the posterior arch of the atlas to the upper edge of the laminae of the 
axis; and (4) the transverse ligament of the atlas, which arches across 
the ring of the atlas and retains the odontoid process in contact with the 
anterior arch. The joint as a whole allows the rotation of the atlas 
(and with it, the skull) upon the axis, the extent being limited by the alar 
(odontoid) ligaments. 


CASE REPORT 

E. A., white, female, aged sixty-two years, a housewife, was admitted to the Metro- 
politan Hospital on February 7, 193S, with a history of progressive stiffness of the neck 
and of a respiratory infection beginning two weeks before admission. She complained 
of coryza, cough, and substernal pain, but there were no other symptoms. The past 
history revealed a hysterectomy for fibroid uterus eleven years before. The family 
history was negative. 

Physical examination revealed a well-developed and well-nourished female with 
pain on motion of the neck in any direction. There was a moderate exophthalmos 
present, and the thyroid gland was palpable. Dullness, diminished breath sound, and 
decreased tactile fremitus were present at the left base in the posterior axillary line. The 
heart was slightly enlarged. The blood pressure was 155/76. The abdomen and ex- 
tremities were normal. The superficial reflexes were hyperactive with a tendency to 
bilateral ankle and patellar clonus. Good strength and coordination were noted in all 
the extremities. The sensorium was not impaired. The diagnosis at this time was 
upper respiratory infection, bronchopneumonia, arteriosclerotic cardiac disease, hyper- 
thyroidism, and possible dislocation of the atlas. 

The patient remained flat in bed, complaining of severe pain in the neck and of 
frontal headaches, and receiving supportive treatment for the pneumonia. Blood 
chemistry and urine examinations were normal, and the Wnssermann reaction was 
negative. Roentgenographic examination of the spine revealed no evidence of disloca- 
tion of the vertebrae. Studies of the skull and long bones also failed to disclose any 
pathology. The basal metabolic rate was repeatedly plus twenty-five. On February 
19, twelve days after admission, paresis of the bladder, abdominal distention, and in- 
testinal atony developed. On February 21, weakness of all four extremities became ap- 
parent, progressing to a quadriplegia in seventy-two hours. There was no pain other 
than locally in the neck. Neurological examination at this time revealed the following: 
(1) marked immobility of the neck; (2) complete quadriplegia (somewhat flaccid in the 
upper extremities and spastic in the lower), the reflexes being active with transient ankle 
clonus and a tendency to a Babinski reflex on the left; (3) absence of abdominal reflexes; 
(4) sensory changes of the radicular type in the arms; and (5) bladder and rectal dis- 
turbances. The roentgenogram (Fig. 1) showed displacement to the left of the left 
lateral margin of the atlas. 

The patient was placed in a fracture bed with extension of the head by means of 
Crile head traction with six pounds of weight. An indwelling catheter was installed and 
hooked up to a bladder-decompressing apparatus for continual irrigation by means of 
boric-acid tidal drainage. The patient appeared and felt much better by the end of the 
first week of Crile traction. On March 4 (the end of the second week of traction) it was 
noted that the patient could move her fingers and lift her arms slightly. The abdomen 
was soft again. On March 11, the bowel function was normal. 
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A neurological check-up on May 5, 1938, revealed considerable regression of the 
symptom'! and signs: The mobility in the upper extremities was well restored; active move- 
ments in the lower extieinities were less limited than before, but there was still a con- 
siderable paraplegia. The spasticity in the lower extremities was also less marked. The 
knee jerks were only moderately hyperactive, and the ankle jerks were even somewhat 
diminished. No pathological icflexes could be elicited, save for a bilateral Hoffmann’s 
sign. Sensation and coordination were intact. Bladder function was markedly im- 
proved. The hvpcrthyroid symptoms were as previously described and were not 
connected with the neuiological findings. 

The quadriplcgia continued to subside, and the patient made a complete recovery. 
On June 13, 1938, the traction was removed, and the patient became ambulatory with a 
Thomas collar (with turnbuckles). On August 1G, 1938, the patient was discharged, 
wearing the collar, completely cured. Postreduction roentgenograms revealed the 
complete reduction of the dislocation. Follow-up showed that the patient had soon dis- 
carded the collar, due to unsympathetic family pressure, but she has remained symptom- 
free to the present day. 



Fig. 1 

E. A. Anteroposterior view of dislocation of atlanto-axial articulation. 
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DISCUSSION 

An analysis of Table I reveals the following: 

1. The sex incidence of the twenty-eight cases is evenly di- 
vided. 

2. The majority of the cases in the literature fall between the age 
groups of five and twelve years. The youngest patient was two years 
old, and the oldest (outside of our own) was twenty-two. Our case is 
unique in that the patient, at the age of sixty-two, is outside of this 
grouping. 

3. It is difficult to evaluate the latent period between the onset of 
the predisposing infection and that of the neck involvement, because many 
of the authors did not see their patients until an appreciable interval of 
time had elapsed. 

4. Our case is the only one of the series in which there was spinal- 
cord involvement. The patient had a complete quadriplegia with blad- 
der and rectal disturbances. 


TABLE II 

Summary of Treatment and Results in the Twenty-Eight Cases Analyzed in 

Table I 


Results 


Treatment 

Good 

(Cases) 

Poor 

(Cases) 

Unimproved 

(Cases) 

Unknown 

(Cases) 

Total 

(Cases) 

Head traction 

2 

0 

0 

3 

5 

Manipulation 

0 


2 

1 

3 

Plaster cast 

0 

1 

1 

0 

2 

Head traction (such as Crile type) 
followed t> 3 r collar or cast.' 

3 

1 

0 

5 

9 

Manipulation under anaesthesia 
followed by collar 

4 


0 

3 

7 

Miscellaneous 

0 

1 

0 

1 

2 

Total 

9 

3 

3 

13 

28 


Table II, condensed from Table I, shows that two of the nine patients 
with known good results had been treated by means of head traction; 
and that seven had had retentive cervical collars after reduction of the 
dislocation. It is our opinion that the use of head traction is the least 
traumatizing and the most satisfactory form of treatment, especially if 
quadriplegia complicates the clinical picture. 
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Ho. of 



Years 0 2 4 6 u 10 12 14 16 18 20 22 62 

ric. 2 

Relationship between the number of eases and the ages of the patients. 

SUMMARY AND CONCLUSIONS 

1. Analysis of the twenty-eight eases of spontaneous dislocation of 
the atlanto-axial joint, not complicated by fracture or by organic disease 
of the vertebrae, which have been collected shows that the sex incidence 
is equally divided. The age incidence ranges from two to sixty-two 
years, with the greatest peak in childhood. 

2. The dislocation is preceded by an antecedent infection, most 
often of the nose or throat, but which may be one of the exanthemata, 
rheumatic fever, or mastoiditis. 

3. Head traction is the best method of reduction and should be 
followed by a plaster or Thomas collar. 

4. Our case is unique in that the patient was an adult of sixty-two 
in whom there had developed a complete quadriplegia amenable to treat- 
ment. The postreduction films showed a good reduction, and a two- 
year follow-up revealed that there had been no recurrence. 

5. Of the many theories offered, that of Berkheiser and Seidler is 
the most logical in our minds. However, there is one factor that appears 
to be overlooked, — that is, the probability of an intrinsic factor in the 
vertebrae. Many people have respiratory infections each winter, yet 
the incidence of spontaneous dislocation of the atlas is comparatively 
rare. Adequate post-mortem examination would settle this point. In 
the absence of this evidence, however, a satisfactory explanation of the 
pathological process behind the disease must remain lacking. 
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HERNIATION OF THE INTERVERTEBRAL DISC WITH 
REFERRED SCIATIC SYMPTOMS 

A Study of Forty Cases * 

BY HERMAN F. JOHNSON, M.D., OMAHA, NEBRASKA 
From the Department of Surgery, University of Nebraska, College of Medicine, Omaha 

Low-back pain associated with sciatic radiation and positive signs 
is a combined neurological and orthopaedic problem which necessitates 
a close cooperative study in these overlapping fields. The syndrome of 
herniation of the intervertebral disc is quite characteristic when critically 
analyzed both from the clinical and from the laboratory aspects. This 
paper is based on a study of forty cases which present this low-back 
problem for differential diagnosis. Lipiodol has been used as a contrast- 
ing medium for myelographic studies in our series of cases inasmuch as the 
injection of air for this purpose has not proved satisfactory. 

When a reasonably positive diagnosis has been made and when in- 
tractable sciatic pain persists in spite of conservative measures, such as 
traction, immobilization, and physical therapy, the treatment is clearly 
operative. A laminectomy confined to two laminae on the side of the 
lesion, thus producing minimal trauma to the spine, gives adequate 
exposure when definite localization has been possible. In our series of 
operated cases a hemilaminectomy was performed in all but two. In the 
one case in which the final diagnosis was that of arachnoiditis, an extensive 
laminectomy was necessary in order to rule out other intraspinal pathol- 
ogy, and this was followed by spine fusion. After removal of the laminae, 
the dura is carefully rolled to one side and the herniated tumor comes 
into Anew, usually in intimate contact with the nerve root, which shows 
the compressive sign. By careful retraction of the dura and its contents, 
the irregular fibrous mass is dissected free. This often is quite difficult 
and painstaking, the material being remoA’ed piecemeal, although occa- 
sionally a Avell-encapsulated mass is encountered. Before closure of 
the Avound, the dura and the arachnoid membranes are opened, permitting 
escape of as much lipiodol as possible. This requires eleA'ation of the 
head of the table, in order to bring the heat'-y oil into the dependent 
position, and suction with the usual apparatus for this purpose. 

The question of spine fusion following laminectomy has arisen on 
several occasions, and this procedure has been carried out by us in tAvo of 
the cases in this group. Where a hemilaminectomy is done, inA'olvmg 
only tAvo or three laminae on one side, without disturbance of the pedicles 
or articulating facets, it is our opinion that spine fusion is unnecessary. 
HoAA r ever, in cases of abnormal anatomy and structural Aveakness m 
the low lumbar region, the stabilizing operation is clearly indicated. 

* Presented at the Annual Meeting of the American Academy of Orthopaedic Sur- 
geons, Memphis, Tennessee, on .January 17, 1939. 
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In cases where the diagnosis is quite definite and in which, for various 
reasons, surgical attack is not permissible, conservative care may give 
relief. Traction and trunk flexion, followed by hyperextension, may 
reduce some of these herniations. Symptomatic relief is then frequently 
obtained by a period of immobilization. 

The following six case histories are given in some detail as they 
present important points in differential diagnosis and treatment. 

CASE REPORTS 

Case 1 . E. G. C., male, aged thirty-eight years, was first seen on March 18, 1937, 
with a history of low-back pain of approximately seven years’ duration. There was no 
history of injury. Following a tonsillectomy, the patient had had a remission until the 
summer of 1936, when left sciatic pain developed and persisted. At that time several 
infected teeth were removed, with no relief. 

Examination on March IS, 1937, disclosed a trunk list to the right, with all motions 
of the spine guarded. There was tenderness localized to the region of the left greater 
sciatic notch. Hypaesthesia was noted over the distribution of the superficial peroneal 
nerve with diminution of the left ankle reflex. Roentgenographic study of the spine dis- 
closed minor arthritic changes. 

Early treatment consisted of a period of fixation in a skeletal back brace and physio- 
therapy. No relief was obtained, and eight weeks later spinal puncture was performed. 
The cell count and manometric readings were normal, with a total protein of twenty-four 
milligrams per 100 cubic centimeters. Lipiodol injection was done, and a defect was 
noted in the left lumbar region at the level of the fourth intervertebral disc. 

On May 19, 1937, a hemilaminectomy was performed (Dr. J. J. Keegan), in which the 
fourth and fifth laminae on the left side were removed. A definite protruding mass was 
found at the site of the defect in the lipiodol studies, which produced compression on the 
fifth lumbar root. The immediate postoperative condition was excellent, with disap- 
pearance of symptoms in one week. The patient has been under observation for three 
years and is symptom-free, working actively as a telephone-operator supervisor, which 
requires long hours of standing. He also states that he has been riding horseback with 
no untoward symptoms. 

Comment: This case illustrates the typical history, course, and out- 
come of these lesions. 

Case 2. H. G., female, aged thirty-two years, a laboratory technician, was first seen 
in May 1936, when pain developed in the low back, with radiation into the left thigh. 
Symptoms were aggravated by forward flexion and walking, but were only intermittent 
during the first year. Six months after onset, she was forced to discontinue her work. 

In July 1937, her tonsils were removed, and a hip spica cast was applied. Examina- 
tion at this time, including detailed roentgenographic studies, was essentially negative, 
except for a positive Lasegue’s sign. Neurological examination, on July 25, 1937, revealed 
absence of the left ankle reflex and weakness of dorsiflexion of the toes on the left side. 
Sensory changes were not definite. Laboratory findings disclosed a clear spinal fluid 
with a cell count of 2, normal pressure, and no evidence of block. The total protein con- 
tent was five milligrams per 100 cubic centimeters. 

The patient returned to the hospital on September 16, 1937, with persistent left sci- 
atic pain and positive neurological findings. Intraspinal lipiodol injection, on October 
4, 1937, disclosed a protruding mass on the left side at the lumbosacral junction. 

Laminectomy was performed on October 9, 1937 (Dr. J. J. Keegan) with removal 
of a herniated disc at the fifth lumbar intervertebral space. The end result was very 
gratifying. The patient was symptom-free within two weeks, and, in a recent follow-up 
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letter, she reported complete relief of symptoms for the past two years and stated that 
she had been working actively as a technician. 

Comment: In spite of early neurological findings, conservative treat- 
ment was recommended. Due to overconservatism and failure to ap- 
preciate the positive findings earlier, disability was prolonged approxi- 
mately one j^ear. 

Case 3. R. L., male, aged thirty-five years, was first seen on November 5, 1938, 
with a history of a twisting injury ten months previously, when he had felt and heard a 
snap in the low back as he was reaching for the hand brake of a traction plow. Back pain 
was severe and persistent. Within six weeks, referred pain had developed along the 
course of the left sciatic nerve, and there was a marked trunk list. Early treatment had 
consisted of osteopathic manipulations, visits to springs, check-up on foci, and a period 
of bed rest. His tonsils had been removed, and he had had the usual dental repair. 

Examination on November 5, 193S, showed a healthy young man with a marked 
postural scoliosis to the right. All motions of the spine were greatly limited. Straight- 
leg raising on the left side was limited to 30 degrees, with severe sciatic pain. The left 
ankle reflex was absent, and definite hypaesthesia was noted over the lateral aspect 

of the left foot and ankle. Roentgenographic 
examination of the lumbar spine was nega- 
tive. Neurological examination, followed 
by spinal puncture and lipiodol injection 
with fluoroscopic study, disclosed a charac- 
teristic defect in the fourth intervertebral 
space on the left side (Figs. 1, 2-A, and 2-B). 

Treatment consisted of hemilaminec- 
tomy on November 9, 1938 (Dr. J. J. Keegan 
and the author). A flat, irregular mass 
was found just anterior to the fourth and 
fifth lumbar roots. The patient was dis- 
charged from the hospital on November 25, 
1938, two weeks after operation. There was 
no sciatic pain, but the patient complained of 
some discomfort in the low back. W hen last 
seen, on May 15, 1939, six months after 
operation, the patient stated that he had 
had only occasional pain in the posterior 
aspect of the thigh, but he had experienced 
no back pain. He had gained ten pounds 
in weight since discharge from the hospital. 
Examination disclosed a straight spine with 
three-fourths of the normal range of motion. 
The sensory disturbance over the lateral as- 
pect of the leg had disappeared, but the 
tendo achillis reflex was still absent. 

Comment: The sharp defect noted 
in the roentgenogram was out of pro- 
portion to the operative findings, as 
the disc was protruding uniformly 
rather than herniating as a discrete 

Case 3. Showing sharp defect at the m ass. The end result one year after 
fourth intervertebral space on the left . . . , f , 

side. Relief followed laminectomy. operation is entirely satisfactory. 
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C.\sn -1. ,T. ,T. S., male 
aged foi tv-eight years, was 
first seen by the author on 
March 26, 193S. 

He stated that on Feb- 
luary 22, 1936, while cariy- 
ing a heavy case down 
stairs on his right shoulder, 
he had fallen backwards, 
striking his back and lower 
light thigh. He slid down 
the steps and was partially 
dazed, but was able to get 
about in a few minutes, 
continuing work the l emain- 
ing hours of the day. On 
the third day, he was seen by 
a physician. A diagnosis of 
back strain was made, and 
the patient was given mas- 



Fig. 2-A 


sage and strapping. After 
three days of work, he found 
it necessary to discontinue. 
The back was strapped 
continuously, and he tried 
on several occasions to le- 
turn to work. Neurological 
examination in the early 
part of 1936 disclosed no 
change in reflexes or in sen- 
sation. The condition was 
considered as a combination 
of contusion of the spine 
and osteo-arthritis with low- 
back pain and referred 
sciatica. 

Examination on March 
26, 1938, disclosed a trunk 
list to the left, forwaid flex- 
ion three-fourths of the 
normal, hyperextension 
greatly limited, and lateral 
motions complete. The pa- 
tient complained of tender- 
ness over the right lumbo- 
sacral region. Straight-leg 



Fig. 2-B 


Case 3. Microscopic section of typical herniated 
disc. Note atypical cartilage cells and dense fibrous 
tissue. 

Fig. 2-A : Low power. 

Fig. 2-B : High power. 


raising was painful at 45 degrees. A check-up of reflexes and sensations disclosed no 


alterations at that time. Roentgenographic examination revealed an angulation of the 


lumbar spine at the level of the second segment, with rather extensive productive changes 
about the margins of the second and third lumbar vertebrae and some narrowing of the 
vertebral body of the second on the left side. Our opinion at that time was that the chief 
difficulty was an extensive osteo-arthritis, with a questionable lateral compression of the 
second lumbar vertebra, which probably antedated the injury, as the latter produced only 


partial disability. Further examination in August 1938, thirty months following injury, 
disclosed for the first time an absence of the right ankle jerk. On account of persistent 
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symptoms, in spite of a period of im- 
mobilization, spinal puncture and lipio- 
dol injection were recommended. The 
spinal fluid showed no abnormal 
changes, the protein content being one 
milligram per 100 cubic centimeters. 
Roentgenographic studies disclosed a 
defect in the region of the fifth lumbar 
disc (Fig. 3). 

On November 12, 1938, a hemi- 
laminectomy was performed (Dr. .1, J. 
Keegan) , and a definite herniation was 
found at the site of the defect, as noted 
in the Iipiodol study. The low-back 
pain and referred sciatic symptoms dis- 
appeared in less than one week. Eight 
months following operation, the patient 
was symptom-free and had returned to 
work. 

Comment: The study of this 
case is of particular importance 
in that there tvas the matter of 
compensation throughout. With 
negative neurological findings, 
special tests were not warranted 
until in the middle of 1938, al- 
though the herniation of the disc 
undoubtedly had been present 
since the injury in 1936. An 
earlier exploratory laminectomy 
would unquestionably have short- 
ened this patient's disability several months and decreased the economic 
loss by several thousands of dollars. Compensation courts and insurance 
carriers are reluctantly accepting this lesion as compensable, although in 
three of our cases, final decision by judge or jury was necessary. 

Case 5. C. P., male, aged forty-one years, was first seen on January 15, 1934. 

He reported that a “catch” in the left lumbar region had developed while he was 
lifting heavy machinery in 1931, and he was kept in bed for one month. Mild symptoms 
had persisted for three years, and then had gradually increased in severity. A back 
brace, applied in 1934, gave complete relief for six months. On October 5, 1937, while 
swinging a heavy sledge hammer, the patient experienced acute back pain. There was 
a gradual increase in symptoms with radiation into the left leg, and he was totally dis- 
abled at the end of one month with left foot drop. 

Examination for compensation carriers on November 16, 1937, disclosed the signifi- 
cant findings of paralysis of the dorsiflexors of the left foot, paraesthesia extending up to 
the mid-leg laterally, and loss of the left ankle reflex. Spinal-fluid studies disclosed an 
initial pressure of fourteen millimeters of mercury, with normal response to jugular 
compression. There was a cell count of 5; the protein content was twelve milligrams 
per 100 cubic centimeters; and the Wassermann reaction was negative. 

Roentgenograms of the lumbar spine revealed a congenital defect and osteo-arthntis 
involving the articulations of the fifth lumbar vertebra. Lipiodol injection disclosed a 
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Case 4. Showing failure of lipiodol to fill 
completely the caudal sac. Herniated disc 
found at fifth intervertebral space. 
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Fig. 4-A Fig. 4-B 


Fig. 4-A: Case 5. Congenital abnormality of fifth lumbar vertebra with defect 
in the lipiodol shadow at the fourth intervertebral space on the left side. 

Fig. 4-B : Postoperative roentgenogram (one year) showing very satisfactory graft 
bridging sacrum and lower lumbar segments. 

filling defect at the level of the fourth lumbar intervertebral disc on the left side (Fig. 
4-A). 

On February 2, 1938, lumbar laminectomy and spine fusion were carried out (Dr. 
J. J. Keegan, Dr. R. D. Schrock, and the author), in which the herniated disc on the 
left anterolateral wall of the spinal canal at the level of the fourth intervertebral disc was 
removed. Tibial grafts were placed over a layer of soft tissue covering the dura, extend- 
ing from the denuded sacrum to the third lumbar vertebra. 

Examination on February 4, 1939, one year after operation showed a slight foot- 
drop gait. The dorsiflexors of the foot had recovered two-thirds of their normal strength 
with complete return of sensation. Roentgenographic examination showed satisfactory 
bridging of the lumbosacral spine by the tibial grafts (Fig. 4-B). 

Comment: The marked neurological findings at first examination 
made the indications clear, but a ten weeks’ delay occurred because of 
failure to obtain authority from the insurance carriers for the operation. 

Case 6. L. F., male, aged thirty-four years, was seen on November 1, 1937. He 
stated that, at the age of eighteen years, he had experienced a sharp, stabbing pain in the 
low back when lifting a heavy weight. He remained in bed for one week. Since that 
time, he had had pain whenever he attempted to lift anything or to bend forward. Re- 
cently the pain had been more constant, radiating into both hipsand down toward the heels. 

Examination of the spine showed no gross deformity, with the exception of some 
flattening of the lumbar spine. All motions were guarded, especially forward flexion. 
The patient complained of tenderness over the lumbosacral area. Examination of the 
lower extremities revealed a definite reduction in the left ankle reflex and an area of 
slightly^ reduced pain sensation over the lower lateral surface of the left leg and ankle, 
and the dorsum of the foot. Roentgenographic examination disclosed a first-degree 
spondylolisthesis with a defect through the isthmus of the posterior arch of the fifth 
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Fig. 5-A: Case 6. Oblique view, before operation, illustrating lipiodol shadow 
suggestive of arachnoiditis. 

Fig. 5-B: Lateral view, six months after opeiation, showing fusion of the lumbo- 
sacral spine. 

lumbar vertebra, Lipiodol myelography showed failure of the oil to pass above the upper 
level of the second lumbar vertebra, although it descended into the caudal sac. No 
definite filling defects were recognized (Fig. 5-A). The spinal fluid showed a cell count 
of 38, with normal protein content. 

Due to the mechanical disturbance in the lumbosacral region, a period of conserva- 
tive treatment was carried out in the form of traction to the left lower extremity, fol- 
lowed by a hip spica for six weeks. There was little or no relief of symptoms. Laminec- 
tomy was performed (Dr. J. J. Keegan) on December 11, 1937. Through an incision 
over the spines of the last three lumbar vertebrae, the laminae of the fourth and fifth 
lumbar vertebrae were removed. There was slight fullness of the dural sac between 
these vertebrae, with evidence of constriction at the level of the fifth lamina, but no herni- 
ated disc was found. The arachnoid membrane was more opaque than normal, and, 
upon being incised, adhesions were noted about the nerve roots of the cauda equina, 
which were banded together, but were easily separated. There was temporary relief of 
pain, but disability persisted. Roentgenographic examination, on February 17, 1938, 
disclosed absence of the laminae of the second, third, fourth, and fifth lumbar vertebrae, 
with increased forward displacement of the fifth lumbar on the sacrum. Neurological 
signs were positive. 

At operation, on May 12, 1938 (Dr. J. J. Keegan and the author), the cauda equina 
was explored up to the level of the second lumbar vertebra, but no intraspinal pathology 
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TABLE I 

Analysis of Forty Cask Studies 


Number of Cases Studied 40 

Operated 24 

Male 15 

Female g 

Non-Operated 16 

Male 15 

Female 1 


Age: 

Range 17 to 65 years 

Average 41 years 


Etiology: 

Traumatic 

Mechanism: 
Hyperflexion . . . 

Twisting 

Direct blow 
Spinal puncture 


62.5 per cent. 

12 
5 
7 
1 ' 


Duration of Symptoms: 


Range 2 weeks to 40 years 

Average 5 years plus 


Positive Neurological Findings: 

Operated cases 19 or 79. 17 per cent. 

Non-operated cases 11 or 68. 75 per cent. 


Spinal-Fluid Readings : 

Protein content above normal 65 per cent. 

Cell-count range 0 to 38 cells 

Normal count 95 per cent. 


Lipiodol Studies: 

Operated cases 24 

With defects 22 

Level fifth lumbar 6 

Level fourth lumbar 10 

Other levels 6 

With no defect 2 

Non-Operated 16 

With defects 7 

With no defect 6 

Not injected 3 


Treatment: 

Laminectomy 22 

Laminectomy and fusion 2 


Postoperative Diagnosis : 

Herniated discs 

Nucleus pulposus 

Combined disc and ligament . . . 
Hypertrophied ligamentum flavum 

Arachnoiditis 

Epidural venous varix 

No pathology 


End Results* in Operated Cases: 

Complete relief 

Partial recovery 

No improvement 


. 14 
1 
1 


1 

1 

1 


20 or 83.33 per cent. 
3 or 12.50 per cent. 
1 or 4.17 per cent. 


* Average length of time since operation approximately two years. 


VOL. XXII. NO. 3, JULY 1940 





716 


H. F. JOHNSON 



Pig. 6 

Hour-glass defect, characteristic of hypertrophied ligamentum flavum. Diagno- 
sis veiified at operation. 


was found. Long, slender tibial grafts were placed from the spinous processes of the 
uppei lumbar vertebrae across to the sacrum. The patient was discharged from the 
hospital three weeks after operation, wearing a plaster jacket; he was instructed to re- 
main in bed for eight weeks. 

Examination six months after operation revealed a moderately rigid, painless back. 
The patient stated that he was able to do light work. Roentgenographic examination 
(Fig. 5-B) disclosed a satisfactory osseous bridge extending from the sacrum to the upper 
lumbar spine. 

Comment: This case presents a complicated situation in which the 
final diagnosis was congenital abnormality of the lumbosacral spine and 
arachnoiditis. The adhesions noted in the nerve roots of the cauda 
equina were probably due to old hemorrhage from the trauma sustained 
several years previously. 

CONCLUSIONS 

1. In patients presenting symptoms of low-back pain and periph- 
eral-nerve changes, an intraspinal compressive lesion should always be 
borne in mind. 

2. The final diagnosis not infrequently is made at the time of the 
exploratory laminectomy, this procedure then being a combined diagnostic 
and therapeutic measure. 
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THE SURGICAL TREATMENT OF DEGENERATIVE 
ARTHRITIS OF THE KNEE JOINT * 

BY G. E. HAGGART, M.D., BOSTON, MASSACHUSETTS 
From the Depot Imcnl of Rone and Joint Surgery, The Lahey Clinic, Boston 

In common with the majority of physicians, we have considered the 
results of the treatment of degenerative (hypertrophic) arthritis of the 
knee joint to be unsatisfactory. The therapy employed has been essen- 
tially conservative in character, comprising many different procedures and 
manoeuvres, all based on the principles of rest, physiotherapy, and im- 
proving in so far as possible the mechanics of weight-bearing. Often 
under treatment the patient has been relieved, but, as a rule, only until 
he resumes normal activity when the knee symptoms have recurred, 
sometimes with surprising rapidity. 

Because of these unsatisfactory therapeutic efforts in a relatively con- 
sistent clinical picture of knee-joint involvement, and because of the occa- 
sional opportunity to correlate clinical findings with actual joint pathology 
observed when synovectomy was performed, the surgical procedure to be 
described was planned and has been carried out with most encouraging 
results. Therefore, we now believe that in selected cases, which exhibit 
disability from degenerative arthritis of the knee joint, surgery is the 
preferred method of treatment. 

PATHOLOGY' AND CLINICAL DATA 

Most significant are the gross and microscopic studies of Keefer, 
Parker, Myers, and Irwin on 100 knee joints from seventy-seven consecu- 
tive necropsies. Death had resulted from a variety of causes, and the 
cases were not selected on the basis of previous clinical diagnosis or the 
presence of symptoms in the joints. Anatomical changes were seen with 
increasing frequency with advancing age, and after thirty between 66 
and 100 per cent, of all the knee joints rermaled gross anatomical changes. 
These abnormalities were most frequently observed at the points which 
were in turn subjected to the greatest movement, weight, and pressure. 
In particular the authors noted that degenerative change was most often 
found at the median horizontal facet of the patella and along the patellar 
groove of the femur. In other words, the two regions of the knee that 
most frequently exhibit degenerative arthritis are in relation to the patella. 

These authors observed that on gross examination the character of 
the degenerative lesions varied from slight fibrillation of cartilage to thin- 
ning and erosion of the cartilage and exposure of the subchondral bone. 

* Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 7, 1940. 
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Microscopic study re- 
vealed that an early 
change was splitting 
of the cartilage, fol- 
lowed by depression 
of the underlying sub- 
chondral bone, which 
then altered the con- 
tour of the normal 
joint line. When the 
cartilage was com- 
pletely destroyed and 
the subchondral bone 
was injured, the latter 
attempted repair by 
new-bone formation. 
Exostoses were formed 
by alteration in the 
normal joint line, due 
to compression and 

flattening of the joint 

surface. These au- 
thors, therefore, con- 
cluded that the ana- 
tomical change de- 
scribed — that is, degenerative arthritis — was due to various factors, such 

as aging of tissue, wear and tear, strain, trauma, occupation, and static 
deformities. 

Key and Bauer and Bennett harm reported able experimental work, 
which demonstrates that the pathological picture of degenerative arthritis 
can be produced by mechanical insults to a joint, and this further supports 
the hypothesis “that degenerative arthritis results from frequent trauma 
to opposing articular surfaces”. 

Our clinical observations indicate that degenerative arthritis of the 
knee joint begins at the third decade, but it is occasionally observed in 
younger individuals who have sustained severe trauma to the knee or in 
whom the joint has been exposed to excessive stress and strain. These 
patients with degenerative arthritis of the knee joint are usually over- 
weight, and the musculature of the extremities is often inadequate, be- 
cause of the constant discomfort in the joint and the subsequent effort to 
protect the articulation. Swelling of the knee region is frequently ob- 
served, — a result of hyperplasia of the synovial membrane, together with 
the presence of increased synovial fluid. On palpation during motion, 
crepitation beneath the patella is a common observation, while passive 
motion of that bone is often painful. Patients locate the pain and tender- 
ness in the anterior knee region, usually centered about the patella. 
Persistent flexion contracture is observed, while the limitation of normal 
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Artist’s drawing made at operation to illustrate the 
pathology seen in advanced degenerative arthritis of the 
knee. There is widespread erosion with degeneration of 
the articular cartilage, especially along the patellar groove 
of the femur, as well as a maiked hyperplasia of the 
synovial membrane. 
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flexion is duo to pain and to swelling of the soft parts with increased joint 
fluid. The disability is often very pronounced. 

Roentgenograms of these knee joints have consistently shown de- 
generative changes about the patella when such evidence of arthritic re- 
action was not always so readily visible in other parts of the articulation. 
In some instances the patella has been enlarged, with marked exostoses, 
particularly on the proximal and distal ends of the bone (Fig. 6- A). A 
narrowed joint space is often seen. The roentgenograms are remarkable, 
in that they rarely give an accurate idea of the degree of degenerative 
change which is actually present. There is no indication in these films of 
the extent of erosion of the cartilage, particularly of the femur and of the 
patella, that has so consistent!} 1 ' been seen at operation. This observation 
is confirmed by the experimental work of Lachmann, who has demon- 
strated the limitations of roentgenographic diagnosis of destructive lesions 
of the knee joint by illustrating that not all osseous defects are visible on 
the roentgenogram, in either frontal or profile views, unless they are of 
minimum size. 

The pathology shown at operation in a severely involved knee is illus- 
trated in Figure 1. Attention is called to the marked hyperplasia of the 
synovial membrane; to the erosion of the articular cartilage, particularly 
over the femoral condyles; to the thinning and fibrillation of the cartilage 
of the patella, as well as to the hypertrophy of this bone. Besides actual 
erosion, there was relatively widespread degeneration of the articular 
cartilage, with frequent exposure of the subchondral bone, which, in turn, 
was eburnated. The most pronounced degeneration of the femoral 
cartilage was consistently found in the patellar groove. In five patients 
the exostoses along the margin of the femoral cartilage impinged upon 
similar exostoses on the articular surface of the tibia. 

Without exception, all individuals who submitted to operation had 
previously undergone a course of conservative treatment in the Clinic, 
which, in conjunction with the medical supervision given elsewhere, rep- 
resented a period of conservative therapy of from three to ten years. As 
a result of our surgical experience and the degree of function that has been 
obtained, we now feel that a prolonged course of preoperative conserva- 
tive treatment is not necessary in these cases. At the present time each 
patient on admission is given a careful general medical examination in 
addition to the orthopaedic survey. Preliminary treatment — such as 
weight reduction, muscle training, and development of muscle tone — is 
then instituted, and the same regimen is continued after operation. 

SELECTION OF PATIENTS 

An outstanding requirement in patients submitted for knee surgery is 
that they impress the examiner as being cooperative: that they will, in so 
far as he can tell, carry out the initially painful and often wearisome exer- 
cises, and that they will faithfully adhere to the regimen of progressive 
activities and remain on their diet, — all essential factors in the postopera- 
tive stage of treatment to achieve a satisfactory end result. The 
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necessity of such cooperation cannot be too strongly emphasized. In the 
twenty cases here reported, the time from operation until the patient was 
no longer under active office supervision averaged three months. 

EXCISION OF THE PATELLA 

Since we share the opinion that “degenerative arthritis of the knee 
joint is the result of wear and tear, of increasing age and repeated trauma, 
which may be caused in a variety of ways, and is not the result of an in- 
flammatory process, metabolic disturbance, or endocrine dysfunction”, 
and because of the inability of articular cartilage to regenerate, and, fi- 
nally, since by clinical, pathological, and roentgenographic examinations 



Fig. 2 

The median pniapatellar utility incision which permits wide exposure of the 
joint. After rotation, the patella, the articular surface anterior, may be 
readily dissected free from the underlying tendon and removed. 
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the most frequently affected area in the knee joint is in relation to the patella, 
it appeared to lie a reasonable thesis that, if the patella were markedly 
reduced in size or removed, there would follow an appreciable diminution 
in clinical symptoms, with consequent improvement in function. 

Was the patella essential to normal function of the knee joint? All 
authorities consulted indicated that such was the case. Hence, our initial 
operative efforts on the patella were confined to a form of “patellaplasty ” 
(Blodgett and Fairchild), which entailed pronounced reduction in its size 
and covering the articular surface at first with fascia and later leaving such 
a thin wafer of the bone that it could be covered with plications of the 
extensor tendon. It was not until 1935, when we learned of the functional 
results which followed total excision of the patella for fracture, as per- 
formed by Brooke in a large series of cases which he reported in 1937, that 
this step in the operation became routine. 

Excision of the patella is not a new procedure, as C. L. Scudder, 
in 189S, reported a case of comminuted fracture of this bone, which was 
treated by removal of all the fragments; and a similar operation was 
carried out by C. C. Rogers in 1908. Furthermore, in 1938, Tippett 
briefly reported the results of excision of the patella for osteo-arthritis 
in two patients, with good functional results, four and five months, 
respectively, after operation. 

As a result of his studies on removal of the patella, Brooke pointed out 
that this bone is an integral part of the skeleton phylogenetically inherited, 
and, furthermore, he called attention to the fact that the work of Bernays 
and later that of Kazzander showed that the patella is neither situated 
nor developed in the tendon of the quadriceps muscle, but is located quite 
independent of and behind the tendon. In conclusion, he stated that 
there is clinical evidence to warrant considerable doubt as to the mechani- 
cal value of this bone in movements at the knee joint. 

In 1936, twenty cases of partial and total excision of the patella 
following fracture, in which operations had been performed during the 
previous four years, were reported by Blodgett and Fairchild. In eight of 
these patients the entire patella was removed, with excellent results. The 
remaining individuals in this group were treated by partial excision of the 
patella, with removal of all of the small fragments. Shorter convalescence 
and earlier return to function by excision of small patellar fragments after 
fracture were likewise emphasized by Thomson in 1935. 

Berkheiser has recently described excision of the patella in arthritis 
of the knee joint in eleven patients. There were four cases of atrophic 
arthritis, two of gonorrhoeal arthritis, and, of the remaining five cases, 
two were classified as traumatic arthritis. Satisfactory results are re- 
ported in eight cases, but the author adds that the fair results in the other 
three patients were because of poor selection. 

In the group of patients here reported, no patient with a preoperative 
diagnosis of rheumatoid arthritis is included, as we have not found ex- 
tensive surgery a helpful procedure in this type of arthritic involvement. 
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In addition to removal of the patella, we also carried out synovec- 
tomy, removal of exostoses, and the shaving down of fibrillated and 
degenerated articular cartilage; in other words, we have removed all 
abnormalities in so far as feasible. This type of operation has been 
extensively performed by Magnuson in a large series of cases, with ex- 
cellent results. 


OPERATIVE TECHNIQUE 

Figure 2 illustrates the median parapatellar incision which has been 
utilized in nineteen of our cases; in one instance the knee was opened by a 
curved transverse incision at the inferior margin of the patella. The 
proximal end of the incision extends well up into the medial aspect of the 
tendon of the quadriceps, so that it is relatively easy to rotate the patella 
laterally and thus to allow for its removal. This approach was originally 
employed as the most satisfactory utility incision for adequate exposure 
of the knee joint. In this connection the author has been informed by 
John Adams that a split-patellar incision works as well as, if not better 
than, the one described. In patients more recently operated upon but not 
included in this report, the joint was visualized through a vertical incision 
centered over the patella, and the latter bone was removed by sharp 
dissection (Figs. 3-A and 3-B). 
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Fig. 4-A 

Fig. 4-B 


Fig. 4-A: Case 1. Preoperative roentgenogram. 

Fig. 4-B: Lateial roentgenogram five years after operation. The extensive 
degenerative changes evidenced in the preoperative film are not visible after sur- 
gery. The patella is reduced m size. There are no symptoms and motion is 
normal. 

In the first patient treated by this procedure the hyperplastic patella 
was cut down to a thin wafer of bone (Figs. 4-A and 4-B), and its articular 
surface was covered with fascia. Subsequently this latter step was 
omitted with no apparent ill effects, and finally the patella was excised. 
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Fig. 6-A 

Case 2. Anteroposterior and lateral roentgenograms in an obese woman of 
sixty-one years, which show advanced degenerative arthritis, resulting in almost 
total disability. Note hypertrophy of the patella, which has been displaced to the 
lateral side. (There was a definite history of recurrent lateral dislocation of the 
patella.) 
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Our experience confirms Brooke’s statement that the patella is not 
essential to normal function of the knee joint. 

Hyperplastic synovial membrane was removed from the knee joint 
with the exception of the posterior compartment, including the fat pad, as 
well as one or both of the menisci, if these latter structures appeared dam- 
aged. Exostoses and productive bone changes along the articular margin 
were cut away (Fig. 5). The capsule was closed with interrupted silk 
stitches; the subcutaneous tissue, with interrupted plain gut; and the skin, 
with interrupted silk. In the majority of patients a long leg cast was then 
applied, following the postoperative dressings, which included a large, 
fluffy, cotton pad about the knee. When employed, the cast was removed 
in from five to seven days. 

POSTOPERATIVE COURSE 

After removal of the cast, the patient again resumed muscle exercises, 
together with intensive local heat to the knee, as well as infra-red light 
to the leg as a whole and massage of the thigh and of the lower leg. 

One of the most effective methods of obtaining early motion in the 
knees of these patients has been to suspend the extremity at the ankle in a 



Fig. 6-B 

Case 2. Two and one-half years after operation. As compared with Fig. 6-A, 
there is relatively slight evidence of degenerative change in the knee joint. The 
destructive reaction in the lateral tibial condyle has been repaired. The patella, of 
course, is absent. The inegularity of the femoral shaft is the result of a com- 
minuted supracondylar fracture one year previously. This patient now has 
normal knee function without symptoms. 
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sling attached to an elastic cord, which, in turn, is fastened to the overhead 
bar of a Balkan frame, and then progressively to institute bicycle exercises. 
This is a simple and yet most efficient apparatus, for knowledge of which 
the author is indebted to Loring Swaim. As soon as adequate muscle 
strength, particularly of the quadriceps group, was obtained, the patient 
became ambulatory in progressive stages, walking with crutches. The 
latter were employed to protect the quadriceps muscle. 

With one exception, all operative wounds healed by first intention. 
That one case was in an extreme^ obese patient, who exhibited some ne- 
crosis of fat tissue at the lower end of the incision. The knee joint was not 
involved. This area was cleaned up with azochloramide dressings and 
then was closed with a skin graft. In no instance was it necessary to 
aspirate the knee postoperatively. 

Gentle manipulation of the knee under intravenous pentothal 
anaesthesia was carried out on all patients within three weeks following 
operation and before discharge from the hospital. The purpose of this 
procedure was to break up adhesions which had formed in the joint and to 
ensure more rapid return of function. There was slight or no reaction in 
the knee after this manoeuvre, while the range of motion ay as very rapidly 
increased. 


NUMBER OF PATIENTS AND RESULTS 

The knee joints of twenty patients haA’e been operated on in the 
manner described. In each indi\ r idual only one knee Avas treated. The 
average age of this group Avas fifty-six years. There Avas one failure, 
which will be described in some detail. Of the remaining nineteen pa- 
tients, all are improved, in many instances markedly so, as compared Avith 
the preoperatrve state. The duration of the folloAA r -up ranged from nine- 
teen months to fh'e years; the average length of obsen-ation after opera- 
tion was twenty-eight months. 

There Avas an increase in the range of motion in nineteen patients 
after operation, as compared to the preoperatiAm joint function. All of 
this group had normal octree extension of the knee. The minimum range 
of flexion was 75 degrees (15 degrees less than a right angle), Avliile the 
maximum was normal. Of these nineteen patients, fifteen had a normal 
range of motion. Each patient had a stable joint, and none exhibited 
swelling of the knee. Eight patients stated that they had no symptoms 
referable to the knee joint; six noted that there was some intermittent 
aching discomfort present in the knee, particularly following exposure 
to cold or damp Aveather or after unusual effort. In four patients there 
was occasional aching pain, especially after a rest period succeeding 
an inteiwal of pronounced physical activity. One patient complained 
of painless crepitation on knee-joint motion, which appeared to be the 
result of proliferative change OA-er the distal anterior femur (Fig. 7-B). 

In summary, all nineteen patients stated that they did not suffer 
seA'ere pain and that they experienced no symptoms comparable to those 
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Fig. 7-A Fig. 7-B 

Fig. 7-A: Pieoperative lateral loentgenogram in a woman, sixty-two years old, 
showing many loose bodies and marked hyperplasia of the synovial membrane, 
resulting in pronounced disability. 

Fig. 7-B: Nineteen months after operation. There is normal motion of the knee 
joint with painless crepitation. For cause of prohfeiative change over the distal 
anterior aspect of the femur, see text. 

present before the operation; all of these patients have returned to tlieir 
previous occupations. 

Of the patients operated upon, with one exception, the follow-up 
roentgenograms showed essentially no changes when compared with the 
immediate postoperative films, and in no instance did the follow-up 
roentgenogram show the extensive degenerative changes revealed in the 
film taken before operation (Fig. 6-B). The roentgenograms of this one 
individual exhibited definite proliferation of periosteal bone over the 
distal anterior aspect of the femur (Figs. 7-A and 7-B). At operation the 
synovial membrane in this knee joint was excessively hyperplastic, and 
there was advanced degenerative arthritis. During the postoperative 
period it was exceedingly difficult to persuade this patient to carry out her 
exercises, and, because of this fact, manipulation was postponed until five 
weeks after operation. It is therefore believed that these proliferative 
changes were the result of injury to the periosteum of the femur following 
the manipulation, because it was done at such a late date. 

One case was a definite failure and warrants a detailed report. 

This patient was a minister, fifty-five years of age, who had been seen in the Clinic at 
intervals during the preceding eleven years, because of an intermittent cyclic synovitis 
with effusion in the left knee joint of unknown etiology. The roentgenograms revealed 
early degenerative arthritis. Synovectomy was advised but refused. 

Two years before hospitalization this patient began to experience real disability for 
the first time, due to inci easing pain in the left knee. Seven weeks and again two weeks 
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before admission, the knee had “locked” for several hours. On admission, the patient 
exhibited a 60-degree flexion deformity with marked atrophy of the musculature of the 
extremity, together with swelling of the knee region and marked tenderness over the 
medial joint line. In this same preoperative interval joint discomfort in other parts of 
the body had begun to develop. Examination before knee arthrotomy did not indicate 
any significant degree of widespread joint pain, and there were no objective joint changes 
other than some wrist stiffness with slight swelling. 

Preoperative roentgenograms of the involved knee revealed advanced degenerative 
changes and generalized bone atrophy, as well as marked hyperplasia of the synovial 
membrane with increased joint fluid. In the hospital the patient received three weeks’ 
preoperative treatment — comprising continued traction to the leg, intensive physio- 
therapy, muscle training, heat, and massage — to reduce the degree of flexion contracture 
and to develop muscle power. This was accomplished to the point where there remained 
a persistent 15-degree knee flexion. It was then felt that following operation the re- 
mainder of this contracture could be eliminated. 

At operation there was widespread and very marked degeneration of the articular 
and semilunar cartilages, together with a pronounced hyperplasia of the synovial mem- 
brane, including areas of necrosis. Obvious panus formation was evident over the margi- 
nal areas of the femoral cartilage, which indicated that we were here dealing with a mixed 
type of arthritis. This was later confirmed. In the postoperative period the flexion 
contracture was not completely corrected , and there was pain in the joint on weight- 
bearing, together with some local swelling. Six months after operation a widespread, 
clinically typical, rheumatoid arthritis developed. While this patient states that he does 
not now experience the severe knee pain which was present before operation, and that the 
joint no longer locks, there still remains a 20-degree flexion deformity, as well as muscle 
atrophy of the extremity. 

This poor result was due to faulty selection, as it was not recognized 
that we were dealing with a mixed type of arthritis wherein the rheumatoid 
element predominated. 

CONCLUSIONS 

In patients with pronounced disability from degenerative arthritis of 
the knee joint, who are selected on the basis of their physical fitness for 
operation and in particular for their willingness to cooperate with the 
postoperative regimen herein described, the surgical procedures as detailed 
in the text result in mai'ked amelioration of symptoms. Over a follow-up 
period ranging from nineteen months to five years, postoperative observa- 
tions on a group of twenty patients indicate that the surgical treatment of 
degenerative arthritis deserves an important part in the physician’s 
armamentarium. 
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INTERPOSITION OF SESAMOIDS IN METACARPO- 
PHALANGEAL DISLOCATIONS 


BY P. DAVID NUTTER, M.D., DETROIT, MICHIGAN 

Sesamoid, bones are fairly constant at the metacarpophalangeal joint 
of the thumb and are usually double. They are frequently present at 
the metacarpophalangeal joints of the index and fifth fingers. Two are 
often present in the index finger. Occasionally they are found in the 
third and fourth fingers. These sesamoids are located in the capsular 
ligament on the palmar aspect of the joint, serving to help strengthen its 
palmar wall. The concave articular end of the base of the proximal 
phalanx is very shallow; thus these sesamoids also help to deepen the an- 
terior bony part of the joint. 

Several of the various textbooks on fractures and dislocations ^ 2 - 3 
mention interposition of capsule and sesamoids in metacarpophalangeal 
dislocations and the obstacles to reduction which they present. In the 
experience of the Bone and Joint Service of the Receiving Hospital, De- 
troit, Michigan, it has been found that, with the exception of the thumb, 
metacarpophalangeal dislocations ordinarily are easy to reduce, but a few 
cases have required a considerable amount of manipulation, which has 
taxed the patience, skill, and ingenuity of the operator. These few cases 
have well earned the reputation of being among the most difficult acute 
dislocations to reduce which we have encountered. 

The following two cases illustrate that interposition of surrounding 
structures is the greatest factor in making closed reduction difficult and 
sometimes impossible. This problem was further complicated in Case 1 
by the fact that the sesamoid with its detached ligament was pulled over 
the metacarpal head and its proximal edge was hooked over the dorsum 
of the distal end of the metacarpal. 

Case 1. S. G., colored, male, aged forty-four, a laborer, on September 16, 1939, 
came to the Hospital with a history of having fallen from a stepladder, resulting in an 
injury to the left hand. The patient’s description of the way in which this injury was 
produced was vague and was of no value in accurately determining the mechanism of 
this type of dislocation. Examination revealed a small skin laceration in the palm of the 
left hand with deformity of the second and third metacarpophalangeal joints. 1 he 
hand was greatly swollen, and the patient complained of severe pain, which radiated up 
the arm to the shoulder. 

The laceration in the palm was cleansed thoroughly, and the skin was closed "iti 
black-silk sutures without using any anaesthetic. A roentgenogram of the left han 
confirmed the clinical diagnosis of posterior dislocation of the second and third metacar- 
pophalangeal joints. A single sesamoid was present at the second metaearpophalangea 
joint. The significance of the position of this sesamoid at the time when the roentgeno 
gram was read was not appreciated by the operator. 

The patient was given nitrous oxide followed by ether anaesthesia. An attemp 
was made to reduce the dislocated joints, using manipulation and traction in the usua 
manner, by first slightly hyperextending the dislocated fingers and pushing dov nv arc 
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on the bases of the proximal phalanges until the bases came opposite the metacaipal 
heads and then forcing them over the metacarpal heads into position. This was fiist 
tried on both fingers together, then on each one separately. The dislocation of the third 
metacarpophalangeal joint was reduced after much manipulation, but promptly recurred 
while the operator was attempting to reduce the dislocation of the other joint. Further 
attempts were then made to reduce the dislocations by various manoeuvres, but were 
unsuccessful. 

Traction wires were then inserted through the pulp of the distal phalanx of each dis- 
located finger and were attached by elastic bands to a banjo splint, which held the fingers 
in 145 degiees of flexion. The traction was increased fiom day to day and was checked 
roentgenograplncally. Aftei a week no change in the relation, of the bones was found. 
The hand remained swollen, but the pain markedly subsided. The lacerations healed 
by primary intention. 

Open reduction was then decided upon, but the skin on the dorsum of the hand was 
in an unhealthy condition. This was fissured and oedematous, which made any oper- 
ative procedure inadvisable, because of the risk of infection. The traction angle was 
then changed fiom 145 degrees of flexion to 120 degrees of flexion and after a week was 
checked with another roentgenogiam, which showed no improvement in the dislocations. 
The traction was continued until October 23, 1939, at which time the skin was considered 
to be healthy enough to make an operative procedure safe. At this time a check-up 
roentgenogram showed some destructive change in the third metacarpal head. 

On October 24, 1939, through a dorsal incision, one and one-fourth inches long, be- 
tween the heads of the second and third metacarpals, the dislocated joints were exposed. 
The sesamoid in the palmar capsular ligament of the second metacarpophalangeal joint 
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was found to be pulled 
through the joint space 
with its ligament, which 
was still attached prox- 
imally. The proximal 
edge of the sesamoid was 
hooked over the dorsum 
of the head of the meta- 
carpal, while the capsular 
ligament in which it was 
embedded was detached 
from the base of the prox- 
imal phalanx and covered 
the metacarpal head. 

The sesamoid was 
detached from the dorsum 
of the metacarpal head 
and replaced in its normal 
position. By manipula- 
tion and traction the dis- 
location was then easily 
reduced. 

The head of the third 
metacarpal was found to 
be quite necrotic and 
fragmented. At the time 
of operation this was 
thought to be due to an 
aseptic necrosis. The 
necrotic head was re- 
moved, and portions of 
the joint capsule were 
found to be interposed be- 
tween the metacarpal head and the base of the phalanx. This was excised, and the dis- 
location was reduced m the same manner as the other joint. The wound was then closed 
by reconstructing each successive layer as well as possible. An anterior molded plaster 
splint was applied, which held the wrist in dorsiflexion and the fingers in 140 degrees of 
flexion. 

On the second day following operation a bloody discharge was noted on the dress- 
ings of the wound. The dressings were removed, and a purulent bloody drainage was 
found to be oozing from the wound. Sterile, hot, wet magnesium-sulphate compresses 
were applied locally, and the following day all skin sutures were removed. Roentgeno- 
graphic examination showed evidence of further destruction of the third metacarpal, 
and a diagnosis of osteomyelitis was made. Hot compi esses were continued for two 
weeks longer, and the discharge gradually subsided. The wound quickly healed by fill- 
ing up from the bottom with granulation tissue. 

Active exercises were begun ten days following operation, and, when the wound 
had completely healed, daily baking and massage were added. The patient was dis- 
charged from the Hospital on November 18, 1939. He returned to the Physiotherapy 
Department three times a week for baking and massage and exercises of the hand for a 
period of three weeks following his discharge. At the end of this time, examination 
showed that the patient had full active extension of both injured fingers and flexion of 
each finger to 108 degrees. 

Case 2. J. S., white, male, aged twenty-nine, a laborer, came to the Hospital on 
December 9, 1939, with a history of having fallen, striking the palm of the right hand and 



Case 2. Roentgenogram after reduction, showing the 
sesamoid in its normal position. 
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the fingers on a curb. Examination revealed a posterior dislocation of the fifth metacarpo- 
phalangeal joint with a considerable amount of swelling. Roentgenographic examina- 
tion confirmed the physical findings and also showed the presence of a single interposed 
sesamoid bone. 

The patient was given nitrous oxide, followed by ether anaesthesia, and an attempt 
was made to reduce the dislocation by the usual method of hvperextension, traction, and 
flexion, but this was unsuccessful. The dislocated finger was then manipulated by main- 
taining moderate traction and at the same time rotating the dislocated phalanx first 
medialward and then lateralward several times. The sesamoid was felt to slip anteriorly 
into place, and the dislocation was then easily reduced in the usual way. A check-up 
roentgenogram showed a reduction of the dislocation with the sesamoid in its normal 
position. 

A posterior molded plaster splint was applied, holding the fourth and fifth fingers in 
90 degrees of flexion. This was removed at the end of two weeks, and light exercises 
were begun. A check-up examination, two weeks after removal of the plaster splint, 
showed that the patient had a full range of painless active motion in the injured joint. 

CONCLUSIONS 

1. Interposition of sesamoicls in metacarpophalangeal dislocations 
frequently adds to the difficulty of reduction of these dislocations. 

2. When the interposition of sesamoids is present an attempt should 
first be made to replace these bones in their normal positions by moderate 
traction on the fingers and rotation of the phalanges medialward to lateral- 
ward several times before reduction of the dislocations is tried. 
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SPONTANEOUS HEMARTHROSIS DUE TO 
SYNOVIAL GRANULOMA 


BY JAMBS K. STACK, M.D., F.A.C.S., CHICAGO, ILLINOIS 
From the Division of Surgery, Northwestern University Medical School, Chicago 

In the absence of definite inflammatory disease, spontaneous swelling 
of a joint is an unusual and startling symptom. The so-called intermit- 
tent hydro-arthrosis, characterized by the periodic sudden development 
and subsequent absorption of an effusion, has in many instances a definite 
etiological factor. Often, however, the cause is obscure, although the 
condition is considered by many to be an allergic manifestation. For- 
tunately, when an effusion contains blood and no injury has immediately 
preceded the onset, the differential diagnosis narrows down to two groups 
of lesions: (1) blood dyscrasias, such as hemophilia, leukaemia, purpura, 
and the like; and (2) tumors. The synovial cavity does not differ from 
other serous cavities in that the aspiration of a bloody fluid, in the ab- 
sence of injury or blood dyscrasia, points to the presence of a tumor, the 
surface of which has been eroded. In most instances of spontaneous 
hemorrhage into a joint, the blood will provoke an effusion, and the ad- 
mixture has a consistency and appearance which immediately distinguishes 
it from pure blood. However, if a cavernous hemangioma involves the 
synovial cavity, it is possible to aspirate pure blood from one of the tumor 
spaces. Such a finding is usually pathognomonic. 

Tumors arising from synovial membrane are rare, but, when found, 
they involve the knee more frequently than any other joint. This fact is 
borne out by the several small series available in the literature. Com- 
monly these tumors are benign — xanthomata and hemangiomata — but of 
the primary malignant group the synovioma is most frequently mentioned. 
This is an ill-defined growth, the classification of which is controversial. 
Sarcoid tumors, fibrosarcoma, mixed-cell sarcoma, myeloid sarcoma, and 
myeloplaxoma are other names used to designate malignant growths 
thought to be primary in synovial tissues. The tumor in the following 
case is considered worthy of a report because: (1) despite its simple and 
benign nature, it was capable of producing recurrent spontaneous bleeding 
into a joint cavity, — a feature usually reserved for lesions of a more serious 
nature; (2) although the role of trauma in its production seems well estab- 
lished, its subsequent growth and clinical course take it out of the category 
of the ordinary synovial impingement, which may cause transient symp- 
toms following trivial injuries; and (3) a discussion of synovial granuloma 
is not available in the literature. 
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CASE REPORT 

C. C., a white male, twenty-four years old, was admitted to Passavant Memorial 
Hospital on April 18, 1939. He stated that on September 2, 1938, he had struck his right 
knee against the dashboard of his car. Although the skin was unbroken, slight generalized 
swelling and tenderness followed, but subsided in two or three days. Two months later 
(November 1938), while walking, the knee began to swell for no apparent reason. The 
swelling attained such proportions and became so painful that two aspirations were neces- 
sary to relieve the tension. Each time about fifty cubic centimeters of synovial fluid was 
withdrawn. A light cast was applied, and, at the end of ten days, the knee appeared 
normal. The patient did not complain of pain, but some quadriceps weakness was 

present. A few days after 
the removal of the cast, 
while the patient was 
walking with the aid of a 
cane, the swelling and pain 
recurred, and aspiration 
was again necessary. 
This time about thirty 
cubic centimeters of 
bloody synovial fluid was 
removed. At the end of 
two weeks the patient re- 
turned to his work, com- 
plaining only of weakness 
of the knee, which was ex- 
plained by the increasing 
atrophy of the thigh. In 
April 1939, seven months 
after the injury, and five 
months after the appear- 
ance of the first effusion, 
all symptoms had subsided 
and the patient was in no 
way disabled, when, while 
walking, he suffered an- 
other recurrence of the en- 
tire syndrome. Aspira- 
tion this time produced 
fifty cubic centimeters of a 
frankly bloody synovial 
fluid. Roentgenographic 

studies of the knee con- 
tinued to be negative, and, 
after removal of the fluid, 
no masses, localized tenderness, or abnormal motion could be found. The history, 
aside from this specific complaint, was negative, as was the general physical exami- 
nation. Blood and urine studies revealed nothing of importance, and a smear and 
culture of the aspirated fluid were not helpful in establishing a diagnosis. 

The patient finally consented to an exploration of the knee, and a preoperative diag- 
nosis of synovial tumor — probably a small hemangioma — was made. On April 19, 1939, 
the knee was operated upon. When the joint was opened, the synovial membrane was 
found to be somewhat oedematous, and it had the icteric tint usually found after hemor- 
rhage. On the medial surface of the synovia at the level of the femoral condyles the 
tumor was seen (Fig. 1). It was liver red in color, solid in consistency, the size and 
shape of an almond, and freely movable on the half-inch pedicle to which it was attached. 
Slight erosion of the patellar and medial condylar cartilages attested to the fact that 
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Fig. 1 

Median parapatellar incision used. With the patella re- 
flected laterally and the knee flexed, the location, shape, 
and relative size of the tumor and its pedicle are seen. 




Fig. 2 


Representative section showing areas of recent hemorrhage, fibroblasts, inflam- 
matory cells, and capillaries of various sizes. Rather than specific tissue, the sec- 
tions reveal a definite, though constantly thwarted, attempt at repair. (Photomicro- 
graph X 60.) Inset: The gross appearance. 


intermittent impingement of the tumor between these joint surfaces caused the recurrent 
hemorrhage. The tumor was excised, and an area of normal synovia, about the size of 
a half dollar, surrounding the base of the pedicle was included. Microscopically the mass 
was found to be granulomatous in nature. Numerous inflammatory cells, fibroblasts, 
and capillary blood vessels of various sizes were the essential features of the picture 
(Fig. 2). 

Convalescence was uneventful, and, at the end of six weeks, the patient returned to 
his duties as a salesman. He has had no complaints since that time. 
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LOCALIZED VOLKMAXX’S CONTRACTURE 

BY JOHN BRUCE, F.R.C.S. (EDIN.), EDINBURGH, SCOTLAND 
Assistant Surgeon, Edinburgh Royal Infirmary 

The typical contracture of the forearm which was first described by 
Richard Yolkmann of Halle at the end of the last century is generally a 
sequela of a serious injury in the neighborhood of the elbow. Its exact 
explanation is still, to some extent, a matter for conjecture, but it is now 
generally recognized that direct trauma to the muscle tissues of the fore- 
arm may give rise to a deformity similar to that found in association with 
supracondylar fracture of the forearm. The author has previously ob- 
served a case of extensive contracture, following a crushing injury of the 
forearm, which was not associated with fracture; and during the last few 
months he has been treating a localized contracture of a single finger, 
which has many features in common with the more serious case. The 
report of this latter case follows. 

A typist, aged twenty-five, was struck on the front of the mid-forearm by a tennis 
ball. The blow was rather severe, and the patient suffered considerable pain. Swelling 
followed almost immediately, and, in a day or two, there was a fair amount of bruising 
and of discoloration over the front of the forearm. The flexion movements of the fingers 
were limited and painful. The author did not see the patient at this stage, but, three or 
four weeks after the original injury, she presented herself at the Out-Patient Clinic of 
Edinburgh Royal Infirmary with the complaint that she was unable to straighten the 
middle finger, which had gradually become deformed after the accident. 

The condition on examination is shown in Figure 1 . There was a flexion contracture 
of the finger, involving the metacarpophalangeal and the proximal interphalangeal joints. 

The deformity was ob- 
vious with the wrist in the 
neutral position, but was 
greatly accentuated by 
dorsiflexion of the wrist. 
On the other hand, the 
finger became straight 
when the wrist was fully 
palmar flexed. Palpation 
of the forearm, when the 
wrist was extended, re- 
vealed a very tightly con- 
tracted tendon immedi- 
ately above the wrist. 
This could be traced up- 
ward to an indurated area 
about the middle of the 
forearm, and the diag- 
nosis was obviously one of 
contracture of the flexor 
digitorum sublimis fibers 
to the middle finger. 
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Fig. 1 

Condition before operation. 
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Tlu' deformity was 
seriously intcifcring with 
the patient's work ns a 
typist, and, since the 
lesion was so localized, an 
operation was advised. 

The affected tendon was 
exposed through a short 
incision immediately 
above the transverse 
caipal ligament, and a 
lengthening operation was 
carried out by the sliding 
method. The deformity 
was completely corrected, 
and the tendon fragments 
were then sutured with 
waxed silk. A plaster-of- 
Paris case was applied to 
maintain the wrist and 
the middle finger in an 
extended position. 

The plaster case was 
retained for a period of 
six weeks, and subsequently massage and movements were employed. The result is 
shown in Figure 2. Thcie has been virtually complete restoration, both of appearance 
and of function. 

This type of ease is possibly not rare. The author personally has 
not encountered a similar one, nor has he come across a report of one in 
the literature. It would appear that the original injury provoked a 
hemorrhage into and among the muscle fibers destined to join the flexor 
digitorum sublimis tendon of the middle finger; and that fibrosis resulted, 
probably in association with destruction of the muscle tissues. 

It seems to indicate that “Volkmann’s contracture” includes several 
distinct entities, the common features being death of the muscle tissues 
and replacement fibrosis. Obstruction to the venous return from the 
muscle and arterial deprivation (ischaemia) are the most often quoted 
causes of the muscle destruction, which is in consequence believed to be 
anoxaemic. In the case reported here, it is possible that the fibers were 
actually disrupted by the original injury; it is, however, also possible that 
the hemorrhage, by increasing the tension within the muscle sheath, 
created vascular obstruction and anoxaemic degeneration of the muscle 
fibers, as in the ordinary case of Yolkmann’s contracture. 



Fig. 2 


Showing restoration of function. 
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A CASE OF SO-CALLED “OPEN-BEAK” FRACTURE OF 

THE OS CALCIS 


BY JOHN O. DIETERLE, M.D., MILWAUKEE, WISCONSIN 

The patient, a domestic, aged fifty, while kneeling with the foot resting on the ball in 
the vertical position, was struck over the back of the heel by the edge of a falling step- 
ladder. There was immediate disability with considerable ecchymosis and swelling and 
later bleb formation about the heel. Immediate reduction could not be done on this 
account (Fig. 1). 



After one week, when the skin had healed, an unsuccessful attempt was made to ie- 
duce the fracture by pressure on the fragment with the foot in the position of plantar 
flexion. A mid-line incision, centered over the hiatus m the heel, was made after split- 
ting the Achilles tendon, and the fracture was reduced and the fragment sutured with 
heavy chromic gut (Fig. 2). 

Weight-bearing w as allowed after eight weeks’ disability, when the fragment had 
united. 

This fracture is quite rare and, as stated by Bolder, presents no diffi- 
culty in reduction. The tubercle of the os calcis is not pulled upward by 
the Achilles tendon, but is split off and held in the position as shown by 
impingement of the sharp edge of the fragment against the Achilles ten- 
don. With the foot in the plantar-flexed position, reduction by manipu- 
lation should be easy, provided there are no complications such as oc- 
curred in the case reported. 
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ISOLATED TUBERCULOSIS OF THE SPINOUS PROCESS 

OF A VERTEBRA 

Report op a Case 

BY RANDOLPH L. ANDERSON, M.D., F.A.C.S., CHARLESTON, WEST VIRGINIA 

As is well known, the anterior portion of the vertebral body is the 
part usually involved, and at times the disease spreads to the pedicles and 
the laminae, but rarely affects the spinous processes. Therefore, it is 
felt that the following case of isolated tuberculosis of the spinous process 
of the fourth lumbar vertebra may be of interest. 

J. B., male, aged twenty-three years, a student, while jumping up as he led the 
cheering at a basketball game on February 13, 1929, felt something give in his back. 
He walked to his room with difficulty. He was seen by the author two days later, and 
was admitted to the Johnston- Willis Hospital in Richmond, Virginia. There was acute 
tenderness over the fifth lumbar vertebra, and intense spasm of the erector spinae muscle. 
Roentgenographic examination of the lumbar spine was essentially negative. A plaster 
jacket was applied under general anaesthesia, and after one week the patient returned 
to school. 

He was readmitted to the Hospital on March 8, 1929, because of pain in the lower 
back. After a stay of three days he went home, where he remained in bed until May 
1929. After getting up, he was comfortable, and, in September 1929, a sacro-iliac belt 
was applied. 

On October 7, 1929, abdominal pain and fever, with a temperature of 103 degrees, 
developed, and the patient remained in another hospital for a week, but no definite 
diagnosis was made. He reported no back symptoms at that time. 

When he was seen during the latter part of October 1929, clinical examination of the 
back was negative, but lie had lost several pounds in weight. Roentgenographic 
examination of the chest and sputum analysis showed no evidence of pulmonary tubercu- 
losis. In February 1930, roentgenographic examination of the spine was repeated with 
negative results. ' 

During the latter part of April 1930, the patient noticed a small lump on the lower 
back, which rapidly grew larger. When seen about ten days later, there was a fluctuant 
mass over the lower lumbar spine, approximately two and one-half inches in diameter, 
which was slightly reddened, but not especially tender. There was no muscle spasm or 
limitation of motion in the lumbar region. The temperature was 99.8 degrees. Ap- 
proximately 100 cubic centimeters of thin, yellowish fluid was aspirated from the mass, 
and again roentgenograms of the lumbar spine were taken. These disclosed osteo- 
myelitis of the spinous process of the fourth lumbar vertebra, probably of tuberculous 
origin. The mass was aspirated a number of times at weekly intervals. The fluid 
showed no growth on culture. The Wassermann reaction was negative. The hemo- 
globin was 85, and the white blood count was 17,000 with 72 per cent, of polymorphonu- 
clear leukocytes. A Mantoux intradermal tuberculin test in the dilution of 1 to 7500 
was positive. Roentgenographic examination of the chest showed no active tuberculosis. 

On June 13, 1930, an operation was performed. A longitudinal incision was made 
over the lower lumbar spine. About one-half of the spinous process of the fourth lumbar 
vertebra was found to be softened and replaced by granulation tissue. A definite walled- 
off area of granulation tissue, at least two inches in diameter, surrounded this diseased 
process. The affected spinous process was removed with rongeurs well back into 
healthy bone tissue, and the wound was sutured loosely. A thin, serosanguineous fluid 
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Fig. 1 


drained from the wound 
throughout the patient’s 
stay in the Hospital, dur- 
ing which his temperature 
ranged between 99 and 
101.5 degrees. He was 
discharged on July 3, 1930, 
with instructions to re- 
main in bed and to take 
daily sun baths. He re- 
mained in bed constantly 
for two months. 

Microscopic exami- 
nation of the tissue re- 
moved at operation showed 
giant-cell formation typi- 
cal of tuberculosis, and 
granulation tissue removed 
from the wound and in- 
jected into a guinea-pig 
caused the development 
of tuberculosis in its liver 
and spleen. 

In September 1930, 
three months after cpera- 
tion, the patient was free 
from symptoms, except 
for slight drainage through 
the operative scar, and 
had gained in weight. 
Roentgenograpliic exam- 
ination of the spine at this 


J. B. Roentgenogram on February 29, 1932, showing 
postoperative defect in the spinous process of the fourth 
lumbar vertebra. 


time showed no further 
evidence of tuberculosis. 
Drainage kept up at 

intervals until the latter part of 1932, and then ceased. Repeated roentgenograpliic 
examinations later failed to show any further extension of the process. The patient 
was last seen in January 1939, and was entirely well. 


A thorough search of the literature has been made, and it has been 
found that twelve cases in which the spinous process of the vertebra alone 
has been involved in tuberculosis of the spine have been reported in the 
foreign literature. No cases have been recorded in the American literature. 

Lannelongue, in 1878, was the first author to report such a case, and 
later he described two more. Other cases have been reported by the 
following: Polaillon, two cases; Coyola, three cases; Therme, two cases; 
Perrenot, one case; and Boeckel, one case. 

The location of the lesions was as follows: 


Site 

Cervical vertebra 
Thoracic vertebra 
Lumbar vertebra . 
More than one . . . 
Xot described . . 


No. of Cases 

5 

3 

2 

1 
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A single vertebra was involved in seven cases, and two vertebrae 
were involved in five eases. 

Five other eases of involvement of the spinous process, combined 
with lesions of other portions of the posterior parts of the arch of the 
vertebra, — that is, the transverse processes, the laminae, or the articular 
processes — were report ed . 

It is interesting to note that only thirty new cases were found in 
which the posterior portion of the vertebra alone was affected with no 
involvement of the body. 

A brief historical summary of tuberculosis of the posterior portion of 
a vertebra may be of interest. 

Plater, in 1614, reported a case in which what he described as a 
spinous process of a vertebra was discharged from an abscess, which 
healed. 

F. Ribcs, in 1821, spoke of the localization of the tuberculous involve- 
ment in a spinous process. 

J. Bouillaud, in 1828, gave the first detailed description of tubercu- 
losis of the posterior portion of a vertebra. 

Heine, in 1834, was the first to operate on a tuberculous spinous 
process. 

Lannelongue, in 1888, was the first to write a treatise on tuberculosis 
of the posterior portion of a vertebra. 

The first symptom of tuberculosis of the spinous process of a vertebra 
is pain, and this is followed after a variable period by an abscess. Often 
there is no muscle spasm. The diagnosis is made from the presence of 
pain and an abscess, a positive Mantoux test, and the roentgenographic 
findings. No gibbus or paraplegia is present when this process alone is 
involved. These lesions are less common and less grave than lesions of 
the bodies of the vertebrae. 

This type of .tuberculosis is relatively more frequent in adults than 
in children. 
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A USEFUL MODIFICATION OF RUSSELL TRACTION 


BY EDAVAHD T. CROSSAN, M.D., AND LAWRENCE E. GRIFFIN, M.D., 
PHILADELPHIA, PENNSYLVANIA 

From the Episcopal Hospital, Philadelphia 

There can be little dispute about the efficiency of Russell traction in 
the treatment of fractures of the shaft of the femur. Our experience with 
the method has been entirely satisfactory, except in treating fractures of 
the lower fourth of the shaft. In nearly all fractures of this type there is a 
posterior displacement of the lower fragment, due to muscle pull. In 
these injuries we have not had any success with the Russell traction, nor, 
as a matter of fact, have we been able to secure closed reduction by any 
method until one of us (L.E.G.) devised the modification to be described. 

With the Russell traction we have tried the method of sliding the 
canvas sling from the position under the knee to a place beneath the dis- 
placed lower fragment. Our results with the shift have been entirely fruit- 
less. As a matter of fact, it is doubtful if the shifting would work often, 
because, when an upward pull is made directly on the lower fragment, the 
force is transmitted to the upper fragment; consequently the relative posi- 
tions of the fragments remain unchanged. It is certainly true that the 
shifting of the sling changes the resultant traction force and, judging from 
results, not for the better. 
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Fig. 1 

Modification of Russell traction. 
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In the modification herein advocated there is no change in the sling. 
In this method the attempt is made to secure the traction in the line of the 
femur, as advocated by Russell, and, in addition, to effect a dorsal tilting 
of the lower fragment by applying to the upper end of the sling under the 
knee a force which pulls upward and slightly cephalad. 

This sling has three equidistant holes on each short side. When the 
sling is passed beneath the knee and the short ends are apposed above 
the knee, a loop of rope is passed through the middle holes and the holes 
toward the foot, and to this loop is attached the line composing the Russell 
traction. To the upper holes — those toward the head — is fastened a rope 
which passes upward and toward the head of the bed and is attached 
through a pulley to a four-pound weight (Fig. 1). Or, expressed in an- 
other way, a pulley is placed in the overhead frame at a point somewhere 
near the mid-point between the knee and the hip, and through this pulley 
is passed a rope, which is attached at one end to the upper holes of the 
sling and at the other end to a four-pound weight. 

It should be stated that this modification has one disadvantage. 
The extra force to the sling causes the upper end of the sling to cut into 
the posterior aspect of the thigh just above the popliteal space. To pre- 
vent pressure sores we have found it necessary to use sponge rubber 
between the skin and the sling. 
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Fig. 3-A Fig. 3-B 


Case 2. October 7, 1939. Case 2. October 10, 1939. 

We have used this modified Russell traction in the following two 
cases. 

Case 1. G. G., male, twenty-four years old, while running, struck a fireplug, sus- 
taining an injury to the right lower extremity. The previous medical and family his- 
tories were negative. With the exception of the local condition of the right lower 
extremity, the physical examination was negative. 

In the right lower extremity there was marked swelling of the lower part of the thigh. 
Crepitus and shortening weie noted in the lower fourth of the thigh. The first ioent- 
genographic examination (Fig. 2-A) showed a comminuted fracture, involving the lower 
and middle thirds of the femur with marked posterior and medial displacement of the 
lower fragment. Six days after admission to the Hospital, and after the application of 
the modified Russell traction, the roentgenogram (Fig. 2-B) showed the fragments in 
end-to-end apposition, and indicated that there was a slight amount of overpull. 

The patient made an uninterrupted recovery and was discharged from the Hospital 
nine weeks after admission, without deformity. 

VOL XXII. XO. 3. JULY 1940 



748 


E. T. CROSSAN AND L. E. GRIFFIN 


Case 2. A child, six years old, was admitted to the Hospital on October 6, 1939, 
with a fracture of the right femur after having been struck by an automobile. Although 
the fracture was higher than the lower fourth, the posterior displacement could not be 
corrected. Examination showed a marked degree of swelling and discoloration in the 
lower third of the right thigh, and crepitus and shortening were present. Roentgeno- 
graphic examination (Fig. 3-A) showed a fracture involving the shaft of the femur at the 
junction of its middle and upper thirds with moderate posterior displacement of the 
lower fragment. The roentgenogram (Fig. 3-B) taken three days after admission and 
following the application of the modified Russell traction showed end-to-end apposition. 

In this case, through error, the traction apparatus was removed a few weeks after its 
application, and following this there was a recurrence of the deformity. 

Our purpose in offering this report is to invite other surgeons to give 
the method a trial. Since our experience embraces only two cases, we 
are apologetic about rushing into print. On the other hand, several years 
may pass before we shall have enough cases to prove the point. 
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REPORT OF A CASE IN WHICH A VITALLIUM PLATE 
COULD NOT BE REMOVED 

BY EUGENE W. SECORD, M.D., AND LOUIS W. BRECK, M.D., EL PASO, TEXAS 

We believe that the following experience with a vitallium plate will 
be of interest to all who are using this material. To the best of our 
knowledge it is the first case of its kind to be reported in the literature. 

CASE REPORT 

On December 10, 193S, a white male, twenty-two years old, sustained a fracture of 
both bones of the right forearm near the middle. A closed reduction was attempted, 
but was unsuccessful. Therefore, on December 28, 1938, an open reduction was done. 
The radial fragments were approximated and fixed by means of a vitallium plate and 
screws. The ulnar fragments were fixed together with one piece of stainless-steel wire, 
and a plaster cast was applied. Convalescence was uneventful. 

On March 2, 1939, a roentgenogram showed a large amount of callus at the sites of 
both fractures and no reaction around the plate or screws. The patient was advised to 
have the plate removed in a month. 

On September 22, 1939, this patient returned for reexamination, stating that he 
had been out of town for the previous seven months. He had no complaints, and the 
function of the arm was normal. Roentgenograms showed reestablishment of the 
trabeculae and the medullary canals and no evidence of absorption around the plate or 
screws. 

On September 28, 1939, a second operation was performed with the intention 
of removing the plate. There was a minimum of scar tissue overlying the plate, and, 
covering its distal end, there was a layer of bone, about one and five-tenths millimeters 
long by three millimeters thick; elsewhere the edges of the plate were overlapped with 
flakes of bone. Several vigorous attempts were made to remove the screws. Finally, 
one of us fitted the end of a screw driver into the slot of a screw while the other grasped 
the shaft of the screw driver with a pair of pliers, and simultaneously we exerted a twist- 
ing motion. Despite our combined efforts, we were able to loosen only one of the four 
screws. The plate and screws were all left in situ. 

CONCLUSIONS 

This experience presents additional evidence of the non-irritating 
nature of vitallium. We believe that until there is evidence to the 
contrary, these plates should be left in indefinitely. 
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KIRSCHNER WIRES COMBINED WITH PLASTER CASTS 
IN FRACTURE TREATMENT 

BY GORDON MONROE MORRISON, M.D., SAN MATEO, CALIFORNIA 
From the Community Hospital* San Mateo 

The purpose of this paper is to describe a simple and effective tech- 
nique for combining Kirschner wires with plaster casts. An inexpensive 
and efficient wire-tightening tool is made by welding a set-screw clamp to 
one of the jaws of a valve lifter. f Small set-screw-clamp plates complete 
the apparatus (Fig. 1). 

A Kirschner wire is driven through the limb. The area above and 
below the wire for about two inches is encircled with a carefully molded, 
fast-setting plaster collar about three-eighths of an inch thick. The 
plaster is allowed to harden, and a set-screw clamp is fastened against the 
collar on one side. On the other side a clamp is slipped over the wire, 
but is not tightened until the wire is stretched and the loose clamp is 
forced against the plaster with the valve-lifting tool. The clamp thus 
held in position is fastened, and the tool is removed. The plaster collar 



Fig. 1 

Converted valve lifter, section of plaster cast, clamps, and wire, showing 
method of tightening wire. 

* Fracture Service of E. W. Cleary, M.D. 
t Valve-lifting tool available at automobile-parts stores. 


750 


THE JOURNAL OF BONE 


AND JOINT SURGERY 



KIRSCHNER WIRES IN FRACTURE TREATMENT 


751 


is t hereby used as a stirrup, and the wire is taut with relation to the plaster. 
There is no danger of crushing the plaster, if reasonable care is used. 

Collars and transfixion wires are placed above and below the frac- 
ture. The fracture is re- 
duced by traction, and the 
reduction is maintained by 
filling in the space between 
the collars with a plaster 
east. Any desirable change 
in position can be easily 
effected by wedging the cast. 

Traction necessary for 
the reduction of fractures of 
the tibia and the fibula can 
be easily obtained manually 
while an assistant completes 
the cast between the two 
collars. Manual rather than 
mechanical traction in these 
particular fractures is good 
insurance against distraction 
and its attendant hazards. 

Femoral-shaft fractures 
are reduced by mechanical 
traction on the Hawley table 
or similar apparatus, using a 
temporary sling about the 
ankle with perineal-post, coun- 
tertraction while the cast 
between the plaster segments 
is being completed. 

Once the cast is applied, 

any indicated adjustment — p, 2 

such as lateral angulation by „ 

& Composite sketch showing treatment of femoral, 

wedging, or shortening or tibial, and calcaneal fractures. On the left side, 

distraction by double wedg- collar and cIa ™P s are substituted for a tensing bow 
^ in continuous-traction treatment, 

ing — can be made. 

Although this method was originally intended for fractures of the 
tibia and the fibula, it was found equally adaptable to femoral-shaft frac- 
tures by inserting the upper pin perpendicularly through the greater 
trochanter and the lower above or below the knee. Single-wire trans- 
fixion for traction and suspension treatment is also possible with the ad- 
vantage of eliminating the metal stirrup and providing a rigid dressing 
about the wire, which prevents sliding and rotating of the wire, thus dimin- 
ishing the chance of infection. A loop of rope is incorporated in the plaster 
collar for the attachment of traction. 
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SURVEY OF THE RESEARCH COMMITTEE OF THE AMERICAN 
ORTHOPAEDIC ASSOCIATION * 

The Research Committee of the American Orthopaedic Association herein makes 
its first annual report on the present status of orthopaedic research in North America. 
The results of this survey should be most gratifying to all of us in orthopaedic surgery and 
justly we can take pride in the investigative work of our specialty. No attempt toward 
an exhaustive survey has been made; we have endeavored only to acquire an idea of the 
extent of orthopaedic research and to determine what problems are of the most common 
interest. 

The report form which was sent was planned to be as simple as possible. Only 
seven headings were used; in addition to the subject of investigation, information was 
requested concerning whether the problem was clinical or laboratory, the place where the 
work was being done, the associated departments and workers, if any, and the character 
of the financial help, if any. In all of the replies these questions were clearly answered, 
which has tremendously simplified the analysis of the data. 

Eight hundred and eight letters and report forms were sent out. These went to all 
members of the American Orthopaedic Association, the American Academy of Ortho- 
paedic Surgeons, all diplomates of the American Board of Orthopaedic Surgery, the deans 
of the larger medical schools, the professors of paediatrics in the medical schools in which 
there are large children’s clinics, and a few general surgeons interested in bone and joint 
problems. Replies were received from 261 or 32 per cent, of the total 808, which gives 
ample material for analysis. Of the 261 replies, 190, or 73 per cent., reported research 
problems and 71, or 27 per cent., reported no research problems. Of the 190 affirmative 
replies, there were only eight from other than orthopaedic surgeons. The 182 represent 
approximately 25 per cent, of all the orthopaedic surgeons and show that one in every 
four is actively engaged in research. These 190 have given information on 368 separate 
investigative problems, or an average of 1.94 problems per person. This information 
represents reports from seventy, or 84 per cent., of the eighty-three separate orthopaedic 
services training house officers, fellows, and postgraduate students, as listed in the 1939 
report of the Committee on Graduate Education and Training in Orthopaedic, Surgery 
of the American Academy of Orthopaedic Surgeons. It is the Committee’s opinion that 
every major orthopaedic service is represented in this survey and a true picture is pre- 
sented of the orthopaedic research in progress in North America at the present time. 
It cannot be said, of course, that all who did not reply are not carrying on active research. 
However, a great many not replying directly are mentioned as associate workers by 
those sending in the reports. In all, there were 190 names mentioned in the reports as 
associate workers. This number, added to the 190 who replied affirmatively, makes 
a total of 380 actively participating in orthopaedic research at this time. 

An analysis of the location of the clinics where the work is being done is of interest. 
The Mayo Clinic stands at the top in number of problems, with a total of thirty-six. 
This work is being done by four senior staff members and twenty associates. T he 
Service of the Boston Children’s Hospital and the Massachusetts General Hospital 
is next with twenty-four problems being investigated by six senior staff members and 
seven associates. The Hospital for Joint Diseases is third with seventeen problems being 
investigated by ten senior staff members and three associates. The number of problems, 
of course, is no indication of the value of the research, but it is an indication of the interest 
and the attempt to stimulate research in these centers. An analysis of the numbei o 
research problems in some of the cities, not including Rochester, Minnesota, shows ie 

* Presented at the Annual Meeting of the American Orthopaedic Association, Kan 
sas City, Missouri, on May 7, 1940, by A. R. Shands, Jr., M.D., Chairman. 
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following: New \ork, sixty; Boston, thirty-one; Philadelphia, twenty-three; Chicago, 
twenty; San Francisco, sixteen; Los Angeles, fourteen; Baltimore, fourteen; etc. An 
analysis by the sections of the country, as adopted by the American Academy of Ortho- 
paedic Surgeons for the Regional Committees shows: 


Total No. of Physicians Re- 

Scchon Total No. of Problems -porting Separate Problems 

New England States 39 18 

Central Atlantic States 100 57 

South Atlantic States 33 16 

North Central States 119 50 

South Central States 34 19 

Northwestern States 6 6 

Southwestern States 30 17 

Canada 6 2 

Mexico 1 1 

Total 368 186 


In an analysis of the data it is important to know whether or not laboratory studies 
are accompanying the investigation. This is true in 200 cases, or 54 per cent, of the total 
368 problems. Of this number, forty-two, or 11 per cent, of the total, are purely labora- 
tory problems unassociated with patients. The remaining 46 per cent, are purely clinical 
investigations. An analysis of the forty-two purely laboratory problems shows their 
character to be as follows: animal experiments, using dogs, monkeys, guinea pigs, mice, 
etc., thirteen; anatomical, ten; pathological, nine; biochemical, seven; anatomical and 
physiological, one; anatomical and pathological, one; and engineering, one. 

There are 166 problems, or 45 per cent, of the total 368, in which fourteen other 
departments are mentioned as being associated in the research as follows: 


Department No. of Problems 

Pathology, including Bacteriology 48 

Roentgenology 46 

Anatom}', including Histology 22 

Medicine, including Paediatrics 16 

Neuropsychiatry, including Psychology 7 

Department of Laboratories 6 

Biochemistry 5 

Surgery 4 

Neurosurgery 3 

Endocrinology 3 

Physiology 2 

Engineering School 2 

Urology 1 

Physical Education 1 

Total 166 


It is very gratifying to know that thirty-eight of the institutions or schools where 
the investigations are being done have research funds which are available to the ortho- 
paedic services. Special grants or gifts have been made to thirty-six of the 190 reporting 
research problems. The National Foundation for Infantile Paralysis is the donor in 
twenty-one instances. In three clinics some of the research is being financed by contribu- 
tions from patients. Thirty-eight reported that all the finances incident to the research 
are being paid by themselves. It is most likely that the expenses incident to the remain- 
ing seventy-five physicians reporting separate problems are being met b}' the institutions 
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where the work is going on, in their normal budgets. There is no doubt that the specialty 
of orthopaedic surgery owes a great debt of gratitude to the National Foundation and 
it is hoped that the administration of their funds may continue to be such that those 
orthopaedic surgeons who have ideas and are stimulated to investigate problems relative 
to poliomyelitis can secure grants. 

In making an analysis of the subject of investigation as recorded on each report, a 
classification, which is thought to be simple, with seventeen headings is used. (See 
Table I.) Under the first heading, General, are placed those problems relating to: (1) 
bone and bone formation, including all calcium-phosphorus studies; (2) special tissues, 
such as cartilage, ligaments, synovial membrane, etc. ; (3) body systems, such as circula- 
tory, urological, glandular, etc.; and (4) diet and vitamins. The second heading is 
Congenital Deformities; the third, Affections of Growing and Adult Bone, including 
epiphyses, and skeletal growth and development. In view of the fact that most of the 
leg-equalization work is in the young, this has been placed in this third group. The 
fourth heading, Infections of Bones and Joints, includes general, pyogenic, tuberculous, 
and syphilitic infections. The fifth is Chronic Arthritis. Affections of the Neuromuscu- 
lar System is the sixth heading; this is divided into four groups with infantile paralysis 
first and cerebral palsy next. Tumors is the seventh heading; Fractures, the eighth; 
and Body Mechanics and Physical Therapy, the ninth. The next six are grouped 
according to body locations, — Spine, Hip, Knee, etc. The sixteenth heading is Tech- 
nique, and is concerned mostly with operative procedures. The seventeenth and last 
heading is Miscellaneous. 

The most popular group is Fractures, presenting forty-six problems, 26 per cent, of 
which are related to general subjects. It is interesting to note that there are studies on 
the effect of estrone and embryonic extract on the healing of fractures and a study of 
the comparison of fractures in blondes and brunettes. Eight studies are being carried 
on relative to compound fractures, with five of these relating to sulfanilamide therapy 
and two to x-ray therapy. Three-fifths of the fracture studies apply to special locations, 
with twelve problems on the hip — six of which relate to the use of Smith-Petersen nails 
or pins — four on the spine, and the other ten on ten different locations. Seventeen of the 
twenty projects listed under bone, bone formation, calcification, and calcium-phos- 
phorus studies directly or indirectly relate to the repair of fractures and could be dis- 
cussed with and included in this group. Considering this number, with the forty-six 
problems included under Fractures, this is easily seen to be the most popular subject of 
investigation, with a grand total of sixty-three problems. 

The second most popular subject for investigation is Affections of the Neuro- 
muscular System, with forty-four problems, seventeen of which relate to infantile paraly- 
sis. Sixteen of these seventeen are being wholly or partly financed by the National 
Foundation. The Committee is particularly delighted to see in this group that studies 
are being carried out on the pathology and biochemistry of paralytic muscle. There are 
seven studies on the after-care and evaluation of treatment in large groups of poliomyelitis 
cases which is certainly most important. Cerebral palsy is the subject of eleven projects, 
five of these being clinical studies, mostly with conservative treatment. The evaluation 
of curare in treatment of cerebral palsy, with a study of its biochemical and biological 
nature, may prove to be of distinct value in treating this discouraging affection. Six 
of the ten problems involving muscles, exclusive of infantile paralysis, are on progressive 
muscular dystrophy. Continued interest in this problem is important and it is gratifying 


to know of these experimental studies. 

The third most popular group is Affections of the Spine, with thirty-four problems, 
seventeen being on the low back and fourteen on scoliosis. It is surprising to find, m 
spite of all the discussions concerning the intervertebral disc, only two investigations on 
this subject, with an equal number on the ligamentum flavum. There are seven, lion 
ever, relating to some form of operation on the low back. One of the newer ideas is 
metallic osteosynthesis for low-back pain, which undoubtedly is the outcome of the " or 
on vitallium and other metals. A piece of research, the results of which should be mos 
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interesting, is an experimental stucU r on monkeys, demonstrating the relationship of 
paralysis of the abdominal muscles to the development of scoliosis. Four of the fourteen 
scoliosis projects are on the idiopathic type, which is the subject for study by the Research 
Committee for next year. It is hoped that at the next Meeting of the American Ortho- 
paedic Association we may have some very pertinent information to report on this 
subject. 

Infections of Bones and Joints is fourth in order of popularity, with thirty-three 
problems, eighteen of which are pyogenic in character. Of considerable interest should 
be the studies on the blastomycosis and related affections of the skeletal system and 
granulomatous infections of bone. These subjects have been infrequent in the past, but 
more and more cases are now being diagnosed. One of the studies which bids fair to 
improve our therapy of pyogenic arthritis is that of the use of heparin in preventing the 
formation of fibrin in joints. It may be that, with the proper instillations or injections 
of heparin, joint adhesions can be completely eliminated and the incidence of ankylosis 
lessened. However, even more important than the heparin studies are the chemothera- 
peutic studies on infections. There are five studies on the use of sulfanilamide, or one 
of its derivatives, in the treatment of infections, making a total of ten sulfanilamide 
studies in all, when added to those classified under compound fractures. 

Tuberculosis of bones and joints, with its varying problems, is the subject of nine 
investigations. Three of the studies are on spinal tuberculosis. The recent survey of 
this subject made by the Eastern States Orthopaedic Club, as reported at the Boston 
Meeting of the American Academy of Orthopaedic Surgeons, is probably the most com- 
plete and comprehensive end-result study of this type that has ever been made in the 
United States. It is certainly hoped that more of these types of study on our unsolved 
problems can be made in the future. 

It is rather surprising that there are not more than three problems on syphilis of 
bones and joints, in view of the antisyphilitic campaigns which have been stimulated by 
the Public Health Service in the last few years. The answer may be that, due to the 
continued and effective antisyphilitic therapy, the orthopaedic clinics are now not seeing 
a large number of syphilitic infections of bones and joints. 

Affections of Bone, with thirty-two problems, is the next most popular group. 
Thirty-one of these, however, relate to growing bone. Five problems deal specifically 
with the epiphyses and two with all the osteochondritides. Twenty-five of the thirty- 
one are concerned with skeletal growth and development, with eleven of these relating 
specifically to the lower extremity. Three very interesting x-ray and posture studies are 
being carried on in connection with the growth and development of the normal child, 
as parts of the study of the whole child from birth to puberty. These should be produc- 
tive of most valuable data and are in a sufficiently large series to make the evidence worth 
while. Seven of the eleven problems in the lower extremity deal with the equalization 
of leg length. Certainly this has been a popular experimental study in the past and 
apparently still is. 

Affections of the Knee Joint is the subject of twenty investigations. Four, of these 
are anatomical in character; five relate directly or indirectly to internal derangements of 
the joint; three deal with cysts of the meniscus; one, with rupture of the quadriceps 
tendon; one, with Osgood-Schlatter disease; and two, with operative procedures on the 
removal, complete or partial, of the patella. This latter subject is worthy of carefu 
study and may prove to be a very valuable adjunct to our present surgical knowledge o 
the knee joint. 

Among the nineteen problems classified under Technique, there are two studies in 
which there is a search for a substitute for lipiodol in spinal myelography. Under opera 
tive procedures there are two studies on tendon transplantation, — one about the " ny 1 
and the other about the foot. There is one on the use of celloidin in arthroplasties. 
There are ten studies being conducted on the use of metal in the treatment of bone an 
joint conditions, five relating in some way to the use of vitallium. 

In the group of studies on Chronic Arthritis, there are seventeen problems. "° 
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and the other an investigation of the effect of diet and vitamin therapy on skeletal 
development and maintenance and on the healing of fractures and various pathological 
lesions. 

Under Miscellaneous there are three anatomical subjects, — namely, comparative 
anatomy: dynamics of histogenesis of nerve, muscle, tendon, bone, and joint; and the 
angle of tilt of the male pelvis. Two studies deal with pectin and the healing of wounds; 
one, with the split skin grafts: one, with braces; and one with the development of an 
orthopaedic fracture table. None of this group could well be classified with those 
previously mentioned. 


CONCLUSIONS 

1. This survey is based on 36S reports of research problems from 190 physicians, 

2. One in four orthopaedic surgeons is engaged in investigative work. 

3. The greatest number of investigators live in the Central Atlantic States, but the 
greatest number of problems are being investigated in the North Central States. 

4. Eleven per cent, of the problems are wholly laboratory studies; 43 per cent, are 
laboratory and clinical: and 46 per cent, are clinical. 

5. There are thirty-eight institutions or schools with research funds available to the 
orthopaedic department, and there are thirty-six grants or gifts for orthopaedic research 
now being made by foundations, etc. 

6. The following departments of medicine, in this order, are most frequently asso- 
ciated in orthopaedic research: pathology, roentgenology, anatomy, and medicine, includ- 
ing paediatrics. 

7. The following five subjects of investigation are the most popular, in this order: 
fractures, neuromuscular disorders, affections of the spine, infections of bones and joints, 
and affections of growing and adult bone. 

Submitted by 
The Research Committee 
Joseph S. Barr, m.d., Boston, Massachusetts 
Paul C. Coloxxa, m.d., Oklahoma City, Oklahoma 
A. R. Shaxds, jr., m.d., Wilmington, Delaware, Chairman 


THE JOURNAL OF BOXE AND JOINT SUIiGER! 



ORTHOPAEDIC RESEARCH IN NORTH AMERICA 757 

of these are pathological in character; two are studies on the liver function in arthritis; 
two are on arthritis of the spine; and one is on the surgery of degenerative arthritis of 
the knee. There is a very interesting study on the physiological response to the correc- 
tion of the adduction deformity in chronic osteo-arthritis of the hip. This might prove 
to be a tremendously helpful operative procedure in these old cases of painful hip. The 
use of snake venoms is being studied in one instance. There are two studies on chemo- 
therapy in arthritis; one, on fever therapy; one, on x-ray therapy; and two are general 
clinical laboratory studies of arthritis. There is undoubtedly more interest being mani- 
fested by the orthopaedic surgeon in the investigative side of arthritis than ever before. 

Tumors of Bone and the related structures have always been of interest to ortho- 
paedic surgeons. There are fifteen problems in this field of research. Cysts and cystic 
degeneration of bone is the subject of two investigations. There are five studies on 
malignant bone tumors and their diagnostic features. Neurofibromatosis and its rela- 
tionship to bone growth and deformities is a valuable contribution in this group. There 
are two investigations on new types of bone tumors, — namely, osteoid-osteoma and 
eosinophilic granuloma. 

There are fifteen studies on Affections of the Leg and Foot. Seven of these are 
anatomical in character, relating to bones and muscles of the foot. Four deal with 
pronation and depression of the longitudinal arch ; one, with an increase of the longitudinal 
arch or cavus foot; one, with the end results of stabilization; one, with the heel; and 
one, with the making of special shoes for unusually shaped feet. 

Affections of the Hip is the topic of thirteen investigations. Three are anatomical 
in character; five deal u ith coxa plana ; and three are concerned with slipping of the capital 
epiphysis. 

Congenital Deformities is the subject of eleven studies. Six of these relate to 
congenital dislocation of the hip and two to club-foot. 

There are eight problems on Affections of the Neck and Shoulder. Four of these 
are concerned with the stiff and painful shoulder; one, with acromio-clavicular separation ; 
one, with torticollis; and two, with affections of the cervical vertebrae. 

There are only six problems on Body Mechanics and Physical Therapy. Two of 
these are very excellent studies on the biomechanics of gait. 

Affections of the Elbow, Forearm, Wrist, and Hand are subjects of study in five 
instances. One of these is a very interesting study on the kinesiology of the hand and 
was recently presented at the Academy Meeting in Boston. There are two studies on 
Dupuytren's contracture. 

Under the first heading, General, there are forty-two problems. Studies relating 
to bone, bone formation, calcification, and calcium phosphorus are the most numerous, 
there being twenty. There are five problems in this group on calcium-phosphorus 
metabolism. The other problems relate to bone-grafting, bone formation, and calcifica- 
tion in general. There is one very interesting laboratory study on the relation of the 
available protein in the organism to the regeneration of bone. A study which bids fair 
to throw light on the basic knowledge of cartilage is being conducted on the chemistry of 
normal and arthritic articular cartilage. There are six studies noth reference to the blood 
and circulatory system. One investigation which should be productive of valuable in- 
formation is entitled: “A Blood-Flow Study in Muscle Diseases, Primarily Poliomyelitis 
and Secondarily Dystrophies”. 

A great deal has been written recently on the subject of the glandular system and 
joint changes. However, there are only four problems in any way connected with this 
subject, one of these being the effect of estrone on the healing of fractures, as mentioned 
previously. It is certainly to be hoped that from such studies as “A Search for the 
Hormones of Skeletal Maturity” and “The Effects of Various Hormones on the Skeletal 
System” real contributions to orthopaedic surgery may result. 

Vitamins and diet have occupied a very important place in our medical literature. 
However, there are only two studies in connection with vitamin therapy and diet, one 
being a study in animals of the effect of acute and chronic vitamin-C deficiency on joints, 
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and the other an investigation of the effect of diet and vitamin therapy on skeletal 
development and maintenance and on the healing of fractures and various pathological 
lesions. 

Under Miscellaneous there are three anatomical subjects, — namely, comparative 
anatomy; dynamics of histogenesis of nerve, muscle, tendon, bone, and joint; and the 
angle of tilt of the male pelvis. Two studies deal with pectin and the healing of wounds; 
one, with the split skin grafts; one, with braces; and one with the development of an 
orthopaedic fracture table. None of this group could well be classified with those 
previously mentioned. 


CONCLUSIONS 

1. This survey is based on 368 reports of research problems from 190 physicians. 

2. One in four orthopaedic surgeons is engaged in investigative work. 

3. The greatest number of investigators live in the Central Atlantic States, but the 
greatest number of problems are being investigated in the North Central States. 

4. Eleven per cent, of the problems are wholly laboratory studies; 43 per cent, are 
laboratory and clinical; and 46 per cent, are clinical. 

5. There are thirty-eight institutions or schools with research funds available to the 
orthopaedic department, and there are thirty-six grants or gifts for orthopaedic research 
now being made by foundations, etc. 

6. The following departments of medicine, in this order, are most frequently asso- 
ciated in orthopaedic research: pathology, roentgenology, anatomy, and medicine, includ- 
ing paediatrics. 

7. The following five subjects of investigation are the most popular, in this order: 
fractures, neuromuscular disorders, affections of the spine, infections of bones and joints, 
and affections of growing and adult bone. 

Submitted by 
The Research Committee 
Joseph S. Barr, m.d., Boston, Massachusetts 
Paul C. Colonna, m.d., Oklahoma City, Oklahoma 
A. R. Shands, jr., m.d., Wilmington, Delaware, Chairman 
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BRITISH ORTHOPAEDIC ASSOCIATION 

The British Orthopaedic Association held its Spring Meeting in London on May 
3, 1940, under the Presidency of Prof. T. P. McMurray. The meeting took place at 
Manson House and was attended by a large number of members. At the Association 
dinner at the Langham Hotel on the same evening, the guests included Lieut.-General 
Sir William McArthur, the Director General of the Army Medical Service, and Col. 
J. A. MacFarlane of the Canadian Army Medical Service. 

In the morning a series of short papers were presented, and in the afternoon the 
Association attended the Royal National Orthopaedic Hospital, the staff of which 
presented a varied and instructive clinical demonstration. 

A resume of the short papers follows: 

Tuberculous Arthritis of the Ankle and Tarsus by Mr. W. R. J. Mitchell, Liverpool. 

A series of 169 patients were reviewed; of these it had been possible to follow up in 
detail seventy-seven children and forty-five adults. The conclusions drawn were that 
an excellent result follows prolonged and efficient conservative treatment in children, 
while in adults, especially over the age of forty-five, amputation without delay is probably 
the best treatment rather than conservative therapy or the less radical operative measures 
such as attempted excision of foci or arthrodesis. An important observation was that 
the poor results, including death, in adults were due to tuberculous lesions in other parts 
of the body, which appeared subsequent to the conservative treatment of the original 
focus; whereas of fourteen patients in whom amputation was performed early, thirteen 
appeared completely cured. 

Extirpation of the Pronator Quadratus Muscle for Spastic Paralysis by Mr. Robert I. 

Stirling, Edinburgh. 

Mr. Stirling expressed the view that many pronation contractures are due to a con- 
tracted pronator quadratus. Extirpation of the latter muscle, followed by intensive 
reeducation of the biceps and supinator muscles, had achieved good results in sixteen 
patients. A well-illustrated survey of the anatomy of the pronator quadratus was given. 

Ischiofemoral Arthrodesis by Mr. H. A. Brittain, Norwich. 

Mr. Brittain, in an elaboration of a previous communication, outlined the advan- 
tages of ischiofemoral extra-articular arthrodesis of the hip as opposed to iliofemoral 
arthrodesis, especially in the late treatment of tuberculous disease. The operation con- 
sisted of a subtrochanteric osteotomy, through which the ischium immediately below 
the acetabulum was “rawed”. A large autogenous bone graft was inserted between 
the femoral fragments and embedded deeply in the ischium. The procedure had proved 
successful in achieving bony ankylosis in twenty of the twenty-eight patients in Mr. 
Brittain’s series. 

Stresses, Strains, and Spondylolisthesis by Mr. Norman Capener, Exeter. 

In this review of spondylolisthesis Mr. Capener discussed the importance in general 
of a proper appreciation of stresses and strains in orthopaedic conditions as understood 
in dynamics and statics. The cause of the underlying defect in the interarticular por- 
tion of the neural arch (spondylolysis) is still sub judice, but the possibility of chondro- 
vascular defects in the neural arch is considered important. Of the anatomical and me- 
chanical conditions limiting displacement of the vertebral body, the iliolumbar ligaments 
and an intact nucleus pulposus appear of particular importance. At all ages treatment 
should be conservative with two exceptions: (1) when evidence of increasing displace- 
ment is present in adolescence, and (2) when pain persists in spite of conservative meas- 
ures. In both exceptions a posterior spine fusion should be performed. The anterior 
transperitoneal fusion is condemned as unnecessary and unjustifiably dangerous. 

Dislocation of the Carpal Semilunar by Mr. F. W. Holdsworth, Sheffield. 

A series of eighteen cases was reviewed. Following a study of the anatomy and 
mechanism of the wrist, Mr. Holdsworth concluded that normal dorsiflexion entails a 
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screw movement, finally locked by impaction of the os magnum on the scaphoid and the 
scaphoid on the radial styloid process. Violent dorsiflexion tends to “strip the thread”, 
and the main strain falls in the region of the apex of the screw — that is, the head of the 
os magnum — producing one of the several forms of so-called dislocation of the semilunar 
bone. It was emphasized that manipulative reduction of a recent dislocation can most 
easily be achieved by traction in palmar flexion, since this position opens up most widely 
the space between the os magnum and the radius. In injuries neglected for longer than 
fourteen days, excision of the semilunar provides better results than operative replace- 
ment, for the latter procedure is often followed by sclerosis of the bone and osteo- 
arthritis of the wrist. Results are not so satisfactory if it is necessary to remove more 
than the semilunar. 

The Reaction of Bone to the Pressure of Fluctuant Tumors by Mr. V. H. Ellis, London. 

Mr. Ellis commented on the lack of knowledge about the factors which stimulate 
osteoblastic or osteoclastic activity, but stated that it is generally agreed that osteo- 
clasts are the only cause of bone absorption. The latter is the normal response of bone 
to continuous pressure, but there are differences between the results of pressure by hard 
and by fluctuant tumors, — for example, aneurysms, abscesses, and bursae. In these, 
although absorption takes place, there is always a line of resistance formed by osteo- 
blastic activity. 

The Annual Meeting of the Association will be held in Liverpool on October 25 and 
26, 1940. 


AMERICAN ORTHOPAEDIC ASSOCIATION 

The Fifty-Fourth Annual Meeting of the American Orthopaedic Association was 
held at the Hotel President, Kansas City, Missouri, on May 6, 7, 8, and 9, 1940, under 
the Presidency of Dr. Frank D. Dickson. The morning of the first day was devoted to a 
clinical meeting with reports and demonstrations of cases by the following: Dr. C. B. 
Francisco, Dr. Earl C. Padgett, Dr. Frank R. Teachenor, Dr. Robert McE. Schauffler, 
Dr. Ferdinand C. Helwig, Dr. Rex L. Diveley, and Dr. Frank D. Dickson. 

At the scientific sessions held on the other three days, the following papers * were 
presented : 

The Obstetrical Experiences of Women Paralyzed by Acute Anterior Poliomyelitis — Dr. S. 
Kleinberg, New York, N. Y., and Dr. Thomas Horwitz, Philadelphia, Pennsylvania 
(by invitation). 

These authors described distortion of the pelvis in sacrolumbar scoliosis and stated 
that they had found this deformity in 80 per cent, of the cases. Their studies show that 
it has practically no effect upon delivery, and no therapeutic abortion is recommended. 
Spine fusion does not seem to have any effect on childbirth. 

Studies of the Cell in Normal and Arthritic Bovine Cartilage — Dr. George Wagoner 
Philadelphia, Pennsylvania. 

In this paper, dealing with the histology and biochemistry of the cartilage, young 
adult and old cartilage were compared. Bovine cartilage was used for the experiments. 
Of interest are the cartilage cell count and the correlation between cell count and age. 
The nuclear measurements vary greatly; their average is ninety cubic micromillimeters, 
but this changes with age. Of particular interest are the metabolic changes: the oxygen 
consumption decreases rapidly with age, much more rapidly than does the cellular 
density. Dehydrogenation was also studied, and it was found that old cartilage loses 
but little in hydrogen mobilization. 

* Summaries of papers taken from a report prepared by Dr. Arthur Steindler. 
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The Surgical Treatment of Degenerative Arthritis of the Knee Joint. — Dr. G. E. Haggart, 
Boston, Massachusetts. 

This paper deals with synovectomy for degenerative arthritis of the knee. Exci- 
sion of the patella is advised. It is pointed out that the patella is behind the tendon and 
can be shelled out without injury to the extensor apparatus. Following synovectomy, 
manipulation is favored. The author feels that in selecting the cases for this operation 
one should bear in mind the following important factors: willingness of the patient to 
cooperate fully in the postoperative regimen; quiesence of the disease; and use of this 
procedure only for cases of the degenerative type of arthritis. 

On the Conservative Compensation-Derotalion Treatment of Scoliosis — Dr. A. Steindler, 
Iowa City, Iowa, and Dr. C. W. Ruhlin, Iowa City, Iowa (by invitation). 

The authors discussed the treatment of scoliosis by compensation and derotation, 
explaining the rationale of this method and classifying the cases in which it is indicated 
in five groups, as follows: (1) spontaneous compensation, (2) compensation accomplished 
by conservative treatment, (3) compensation effected by conservative treatment but 
prone to secondary decompensation, (4) compensation accomplished but unstable, and 
(5) uncompensable cases. Cases of permanent correction were demonstrated. 

A Study of Paralytic Scoliosis Based on 500 Cases of Poliomyelitis — Dr. Paul C. Colonna, 
Oklahoma City, Oklahoma, and Dr. Frederick vom Saal, Oklahoma City, Okla- 
homa (by invitation). 

From their study the authors found that 30 per cent, of all cases of poliomyelitis 
show paralytic scoliosis. Of their series of 150 cases of paralytic scoliosis a diminished 
vital capacity was noted in all. The treatment which they advocate consists in the 
application of a Risser cast, derotation, and operation. 

Acctabuloplasty: An Analysis of Results — Dr. M. N. Smith-Petersen, Boston, Massa- 
chusetts. 

Dr. Smith-Petersen feels that the advantage of acetabuloplasty is that it affords a 
good approach to and complete exposure of the joint. In the cases in which he had per- 
formed this operation prior to 1938 he was able to show good results — that is, lessening of 
pain and fair motion — in about 50 per cent. Since 1938 he has substituted cup-plasty 
for acetabuloplasty in most instances. 

Osteoid-Osteoma: Further Experience with This Benign Tumor of Bone. With Special 
Reference to Cases Showing the Lesion in Relation to Shaft Cortices and Commonly 
M isclassified as Instances of Sclerosing N on-Suppurative Osteomyelitis or Cortical- 
Bone Abscess — Dr. Henry L. Jaffe and Dr. Louis Lichtenstein, New York, N. Y. 
(by invitation.) 

The condition described by these authors appears to be an entirely new pathological 
entity, — namely, the formation of a bony nidus or nucleus in the spongiosa or cortex of 
the bone, surrounded by an osteosclerotic zone. According to the pathological findings, 
this is not an inflammation but a neoplasm. 

Subtrochanteric Osteotomies: Indications for Special Types — Dr. Frederick C. Kidner, 
Detroit, Michigan. 

The author described cases in which subtrochanteric osteotomies of the Lorenz- 
McMurray type had been performed in cases of ununited fracture. He showed a number 
of interesting slides in which the subtrochanteric osteotomy was employed in tuberculosis 
of the hip joint, according to the method of Farkas. 

Ununited Fracture of the Femur Treated by High Oblique Osteotomy — Dr. Rudolph S. 
Reich, Cleveland, Ohio. 

Dr. Reich finds that nailing in cases of ununited fracture produces union in about 64 
per cent., but arthritis develops in almost 50 per cent. Therefore, he believes the bifurca- 
tion operation to be more widely indicated. He defines old fractures as those which are 
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of three weeks’ or more duration. Although not necessary for a good end result, union of 
the original fracture often occurs spontaneously. Of the twenty-six cases in his series, 
the author was able to report the end results in twenty-five: there were good results in 
twenty-two, and failures in three. 

Orthopaedic Research in North America. Survey of the Research Committee of the American 
Orthopaedic Association — Dr. Joseph S. Barr, Boston, Massachusetts, Dr. Paul C. 
Colonna, Oklahoma City, Oklahoma, and Dr. A. R. Shands, Jr., Wilmington, Dela- 
ware, Chairman. 

Dr. Shands, as Chairman of the Research Committee appointed by the American 
Orthopaedic Association, gave a detailed report of the orthopaedic research problems 
now being investigated in North America. (See page 752.) 

Some Orthopaedic Relationships of Neurofibromatosis [Candidate’s Thesis] — Dr. Beveridge 
H. Moore, Chicago, Illinois. 

The author reported four cases showing deformities, hypertrophy of bone, and 
tumor masses in the soft tissues between the skeleton and dorsum of the foot. Biopsy 
revealed neurofibromata, and the clinical study showed a definite relationship between 
the hypertrophy, the deformities, and the tumors. Dr. Moore also reported three cases 
of pseudarthrosis following osteotomy, in which signs of Recklinghausen’s disease were 
found in the skin, naevi, etc. The roentgenogram shows cessation of bone growth and a 
cystic type of trabeculation with definite signs of deficient osteogenesis. 

The President’s Address — Dr. Frank D. Dickson, Kansas City, Missouri. 

This address dealt with the scope and development of the American Orthopaedic 
Association and contained some very sound suggestions and proposals in regard to the 
contribution which the Association can make in the future. (See page 525.) 

Symposium on the Incidence, Significance, and Treatment of Sciatic Pain in LouyBack 
Cases — Dr. Fremont A. Chandler, Chicago, Illinois, Chairman. 

Dr. Theodore A. Willis, Cleveland, Ohio, considered the “Anatomical Variations as 
Well as the Roentgenograpliie Appearance of the Low Back”, and Dr. W. McK. Craig 
and Dr. Maurice N. Walsh, Rochester, Minnesota, were invited to discuss “Neuro- 
Anatomy and Physiology ”. Dr. John G. Ivuhns, Boston, Massachusetts, dealt with the 
“Conservative Treatment”. The subject of the “Intervertebral Disc” was handled by 
Dr. Joseph S. Barr, Boston, Massachusetts, and Dr. William Jason Mixter, Boston, 
Massachusetts (by invitation). Dr. Benjamin P. Farrell, New York City, and Dr. W. B. 
MacCracken, New York City (by invitation), discussed “Lumbosacral Lesions with the 
Exception of Spondylolisthesis”. Dr. M. N. Smith-Petersen, Boston, Massachusetts, 
dealt with “Sacro-Iliac Conditions”, and Dr. Henry W. Meyerding, Rochester, Minne- 
sota, considered the “Incidence, Significance, and Treatment of Low Backache and 
Sciatic Pain Associated with Spondylolisthesis”. The role of the “Fascia” in this 
affection was discussed by Dr. Frank R. Ober, Boston, Massachusetts, Dr. Clarence H. 
Hey man, Cleveland, Ohio, and Dr. Albert H. Freiberg, Cincinnati, Ohio. 

The discussion of the various phases of the subject which were presented in the 
Symposium was participated in by Dr. George E. Bennett, Baltimore, Maryland; Dr. 
Lawson Thornton, Atlanta, Georgia; Dr. W. McK. Craig, Rochester, Minnesota; Dr. 
James A. Dickson, Cleveland, Ohio; Dr. Rex L. Diveley, Kansas City, Missouri; Dr. 
James S. Speed, Memphis, Tennessee; Dr. Harold H. Hitchcock, Oakland, California, 
and Dr. Halford Hallock, New York City. 

A Simple Method of Two-Stage Transplantation of the Fibula for Use in Cases of Compli- 
cated and Congenital Pseudarthrosis of the Tibia — Dr. Philip D. Wilson, New loik, 

N. Y. __ 

The two-stage operation described by Dr. Wilson — fusion of the fibula into the tibia 
is done even in the presence of some infection. Six cases of pseudarthrosis were t reate 
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in this manner, and spontaneous union occurred. In cases of non-union, the inui 
tion of the fibulae graft into the tibia is supported by additional sliver grafts. 

Ligg-Pcrthcs Disease of the Hip, Hs Early X-Ray Manifestations, and Its Cyclical ('„ 
Dr. A. Bruce Gill, Philadelphia, Pennsylvania. 

Dr. Gill stated that the degenerative phase of Legg-Perthes disease lasts fru; 
to one and one-half years, that the regenerative phase is from two to three war- 
that elimination of weight-bearing shortens the cycle. He pointed out that roen: 
graphically the primary changes are in the metaphyses; these show bone degeneru; 
the head and massive necrosis follows later, but the aseptic necrosis involves them 
well as the head. The etiology of the deformities is purely mechanical, — wei"ht-r. 
upon the softened head. The treatment consists of bed rest, extension, and pn ' 
immobilization. 

The Treatment of Claw-Foot — Dr. Wallace H. Cole, St. Paul, Minnesota. 

In this paper the idiopathic as well as the acquired type of claw-foot was J ... 
Dr. Cole described the general treatment and the technique of the operation.- r. 
used. He believes that m the more advanced cases the tarsal-wedge ostcotomr.- 
be performed in front of the mid-tarsal joint. 

The Local Use of Sulfanilamide in Various Tissues — Dr. J. Albert Key, St L • 
souri, Dr. Charles J. Frankel, St. Louis, Missouri (by invitation), and D,- V~ 
Burford, St. Louis, Missouri (by invitation). 

The bacteriostatic effect of sulfanilamide was discussed, and it n as . 

treatment should be supported by the use of immune serum. The lntuL- - - ~ 
from six to eight hours, and the drug is highly selective. So far as thelw-J,- 
concerned, experiments showed that it does not affect the healing of - ‘J," 
duetion of the drug into the wound or its injection into the joint when the c- “ 

with normal saline also has no appreciable effect on healing. When - 
operative wounds in powder form or locally implanted in contaminated wou.- 
mide promotes rapid healing. 

Sulfanilamide in the Treatment of Compound Fractures — Dr. Willis C. Camp!,- ’ ■ - 
Tennessee. 

This paper was read by title. 

At the last Executive Session, the following officers were elected: 
President-Elect: Dr. George E. Bennett, Baltimore, Maryland. 
Vice-President: Col. Norman T. Kirk, San Francisco, California. 
Secretary: Dr. Charles W. Peabody, Detroit, Michigan. 

Treasurer: Dr. Rex L. Diveley, Kansas City, Missouri. 

The following Members of Committees and Delegates were elected: 

Member of Membership Committee: Dr. Paul C. Colonna, Okl-' 
Oklahoma. 

Member of Program Committee: Dr. Herman C. Schumm, Mihiau'- 
sin. 

Delegate to the American College of Surgeons, Dr. J. Archer O’Rcil' • 
Missouri. 

The President for the current year is Dr. D. E. Robertson, Toronto, Ontu- 
Elected to active membership in the Association were the following: 

Dr. Guy A. Caldwell, New Orleans, Louisiana. 

Dr. Juan Farill, Mexico City, Mexico. 

Dr. C. H. Hatcher, Chicago, Illinois. 

Dr. Alberto Inclan, Habana, Cuba. 

Dr. Harry B. Macey, Rochester, Minnesota. 

Dr. Nicholas B. Ransohoff, New York, N. Y. 

Dr. William J. Stewart, Columbia, Missouri. 

Dr. Atha Thomas, Denver, Colorado. 
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Handbook op Orthopaedic Surgery. Alfred Rives Shands, Jr., B.A., M.D. in col- 
laboration with Richard Beverly Raney, B.A., M.D. Ed. 2. St. Louis, The C. V. 

Mosby Co., 1940. S4.25. 

The complaint of students that most orthopaedic reference books are too much like 
encyclopedias has perhaps been justified. Most of these have been voluminous, detailed, 
and intended as sources of reference for orthopaedic surgeons rather than as textbooks 
for students. 

Shands, in writing the “Handbook of Orthopaedic Surgery”, in collaboration with 
Raney, has made a real contribution. The demands for the first edition were so great 
that a second edition had to be issued in a comparatively short time. 

As stated in the preface, this is a concise textbook of contemporary orthopaedic 
surgery, brought up to date. It contains, in addition to brief but adequate discussions 
of all of the commonly encountered orthopaedic conditions, a bibliography of outstanding 
articles written in English prior to July 1939. 

The text is easy to read and easy to understand. It has been generously illustrated 
with artist’s drawings which emphasize the anatomical relationships or pathological 
conditions under discussion. 

It is to be hoped that those medical schools in which the teaching of orthopaedic 
surgery has been superficial or entirely neglected, will be encouraged to give this subject 
more consideration and to make use of this excellent text in the planning of lectures, in 
the presentation of clinical material, and by recommending it to students. 


Minor Surgery. Frederick Christopher, S.B., M.D., F.A.C.S. with a Foreword by 
Allen B. Kanavel, M.D., F.A.C.S. Ed. 4. Philadelphia and London, W. B. Saun- 
ders Co., 1940. S10.00. 

This edition in one volume of 946 pages, with 639 illustrations, describes the treat- 
ment of minor surgical conditions encountered by the physician in a typical general 
practice. The ever-increasing burden placed upon the teaching of medical students, 
because of the more intensive instruction in the basic sciences and rapid advance in 
medicine, often leaves but little time for consideration of minor conditions. 

In this age of frequent automobile or industrial accidents, physicians not connected 
with large hospitals, or especially skilled in surgery, are often confronted with minor 
surgical problems. All too often such a minor condition becomes a major one as a result 
of lack of knowledge or careless technique. In this book nearly every minor surgical 
condition that a general practicing physician would be apt to meet is briefly but concisely 
described and treatment outlined. Illustrations are numerous and informative. The 
subject matter is so arranged and indexed that the information desired is readily obtained. 

The fourth edition is not a copy of its predecessors. The whole volume has been 
revised, many chapters have been entirely rewritten, and in others old material has been 
replaced by new. Some of the new procedures described are: newest factors in wound 
healing, including vitamins; sulfanilamide therapy for various conditions; latest methods 
in the treatment of burns; injection therapy; care of minor industrial and automobile 
injuries; new intravenous therapy; postoperative management of water balance; and 
Wangensteen suction technique. In addition to these, there are many excellent chapters 
such as those on treatment of open and closed wounds, head injuries, infections of the neck, 
infections of the hand, and injuries to the lower extremity. 

Perhaps one of the most valuable chapters is that devoted to the surgical interne. 
Here he can learn many of the things which he is often left to discover for himself by the 
trial-and-error method. 
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Taken all in all, this book is excellent for that which the title professes — minor 
surgery. For the interne, the physician not allied with a large modern hospital, or the 
busy general practitioner, ‘‘Minor Surgery" will be of inestimable value in bringing to 
him the newest in minor surgical practice. 


Cuily Operatoria delle Fhatture del Collo del Femore (Operative Treatment 
of Fractures of the Neck of the Femur). Prof. V. Putti. Bologna, L. Cappelli, 
Editore, 1910. GO lire. 

This monograph gives Prof. Putti’s methods of treating, by operative means, frac- 
tures of the femoral neck. The first part contains chapters on the history of skeletal 
fixation; the classification; general statistics with regard to incidence, sex, age, and types 
of fractures; and statistics concerning their treatment. 

In the fourth chapter of this part an anatomical analysis is made, and the conditions 
produced by the use of a screw are described. 

The fifth chapter gives the indications and contra-indications for skeletal fixation. 
In the subsequent chapters Prof. Putti describes in detail his method of fixation by 
means of a screw; gives notes on the postoperative treatment; and states the results. 

In the second part of the monograph the author gives his methods of treatment of 
old fractures of the neck of the femur, giving the indications and contra-indications for 
osteotomy. The author’s reasons for each detail of the treatment are stated and the 
book is abundantly illustrated. 


The Foot and Ankle: Their Injuries, Diseases, Deformities and Disabilities. 

Philip Lewin, M.D., F.A.C.S. Philadelphia, Lea & Febiger, 1940. S9.00. 

When the variety of conditions which may affect the foot and ankle are considered 
as a whole, they trespass on the precincts of numerous specialties beyond the strict field 
of orthopaedic surgery. Heretofore textbooks have somewhat neglected these outlying 
topics and have concentrated on the major specialty, but there is a growing tendency 
among modern authors to break away from this custom and to present the subject in 
all its aspects. Such treatment greatly enlarges the value of the book from the stand- 
point of the general practitioner. 

Dr. Lewin has presented his studies from this viewpoint, and a glance at the subject 
matter reveals the wide range of topics which he has covered. The usual static and 
mechanical strains are fully discussed with a clear exposition of the basic principles under- 
lying them. There are detailed chapters on specific deformities, congenital defects, and 
bone affections. Space is devoted to the minor complaints which so often puzzle the 
practitioner, and the uncommon and rare conditions also receive adequate notice. 
Industrial, athletic, and military injuries are described in a very practical survey. 
Besides such standard orthopaedic topics as arthritis, poliomyelitis, and spastic paralysis, 
there are some very worth-while chapters on circulatory disorders, skin affections, and 
neurological lesions. In addition, the field of traumatic surgery is represented by full 
discussions of fractures, dislocations, and amputations. 

One point of particular interest is the theory which Dr. Lewin has advanced of a new 
cause of metatarsalgia, due, he believes, to the posture in sitting with the heels off the 
floor and the toes turned up like a ballet dancer. The pressure thus exerted on the 
metatarsal heads exaggerates the depression of the anterior arch and may be, in his 
opinion, a very common factor in foot strain. 

Such a hasty review of the material included in this book fails to reveal the excellent 
quality of the articles themselves. Perhaps it is enough to say that they are distinguished 
by clear and concise exposition, by a wealth of practical suggestions, and by their very 
successful illustrations. An unusual appendix has been added under the witty title of 
“Pedigrams”, containing a collection of epigrams on the subject of the foot. 

Altogether this text deserves close study by orthopaedic surgeons as a whole and by 
the rank and file of general practitioners as well. 
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Congenital Malformations. A Study of Parental Characteristics with 

Special Reference to the Reproductive Process. Douglas P. Murphy, M.D., 

F.A.C.S. Philadelphia, University of Pennsylvania Press, 1940. .$2.00. 

From the Gynecean Hospital Institute of Gynecologic Research the author reports 
an extensive statistical study of parental characteristics with special reference to the re- 
productive process and to the occurence of congenital malformations. From this study, 
based on an investigation of 600 couples, a series of thirty-two conclusions are drawn 
by Dr. Murphy, which, in general, bear out the belief that congenital malformations are 
definitely hereditary. It is surprising that, in this series, syphilis, as indicated by the 
Wassermann blood test, does not appear to afflict the mothers of congenitally malformed 
offspring more often than those of children who are normally developed at birth. The 
conclusion that the diets of the mothers of defective children are significantly lacking in 
adequate amounts of calcium, phosphorus, iron, and vitamins B, C, and D requires 
further evaluation. In view of the wide extent of these deficiencies, it seems doubtful 
whether this factor bears any more definite relation to congenital malformations than 
does syphilis. 

The most significant contribution of this important piece of research is summed up 
in the final general conclusion: “Gross human congenital malformations arise solely from 
influences which affect the germ cells prior to fertilization. No evidence is available to 
indicate that they result from factors which operate for the first time after fertilization 
has taken place.” 

Principles of Orthopedic Surgery. James Warren Sever, M.D. Ed. 3. New York, 

The Macmillan Co., 1940. $3.25. 

This work of which the present volume, entitled “Principles of Orthopaedic Surgery” 
is the third edition first appeared in 1924 under the title, “Text Book of Orthopedic 
Surgery”. In truth, neither designation is entirely correct for this excellent series of 
lectures on orthopaedic topics. The author notes in his preface that the material in 
this book is the result of many lectures on orthopaedic surgery to students and nurses. 

For the general practitioner or the student, it offers a vivid and interesting presenta- 
tion of the material of orthopaedic surgery. In large part, the text of the original volume 
has been incorporated into the present edition, but numerous additions of more recent 
studies in orthopaedic surgery have been made. These addenda are extremely valuable 
in that they present the single viewpoint of the author’s maturity. But for this very 
reason the experienced orthopaedic surgeon, who is often interested in diversity of opinion, 
may not find the work so significant as it must certainly prove to be to the student. I he 
text is clear, the indications are unequivocal, and the illustrations are excellent. 

A Synopsis of Surgery. Ernest W. Hey Groves, M.S., M.D., B.Sc. (Lond.), F.R.C.S. 

(Eng.). Ed. 11. Baltimore, The Williams & Wilkins Co., 1940. $5.00. 

This book, as its title implies, gives only the essentials of the practice of surgery. It 
is not intended to supplant the more detailed and complete textbooks, but, rather, to sup- 
plement them. Its concise and orderly arrangement of facts enables the busy practitioner 
to obtain quickly and easily the fundamental points in diagnosis and treatment. That 
it has reached the eleventh edition is evidence of its favorable reception by the medical 
profession. 

The text in this latest edition has had complete revision; it includes the recent 
information on the subjects which are creating so much interest at present, replacing 
some of the older material which has now become less accurate or important. 1 he boo ■. 
deserves the continued popularity which the previous editions have enjoyed. 

Estudo s6bre dores lombares (A Study of Lumbar Pain). Orlando Pinto de Souza. 

Sao Paulo, Empresa Grafica da “Revista dos Tribunals”, 1939. 

This large, paper-bound monograph with many roentgenograms and other illustia- 
tions, printed on excellent paper, presents an interesting and careful study of the problem. 
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The author recognizes the immensity of the subject and, therefore, limits his study to 
the so-called rheumatic affections of the spine, including certain congenital malformations. 

The author relates the results of his own experiences and the accepted views of many 
of the European and, especially, of the American orthopaedic surgeons. In consecutive 
chapters, he gives a keen, critical analysis of differential signs described in the orthopaedic 
literature and attempts to show the great importance of arthritis of the articular facets of 
the lumbar vertebrae and the ensuing involvement of the intervertebral foramina in 
relation to causation of pain. The pathogenesis of lumbar pain and its irradiation are 
treated at some length in connection with the anatomy of the foramina and statics and 
dynamics of the spine. The problems connected with the intervertebral disc, spon- 
dylolisthesis, and anatomical anomalies are presented in the light of coexisting and 
secondary arthritic changes in the articular processes of the vertebrae. 

In the final chapter the treatment is discussed in a thorough and illuminating man- 
ner. An operative procedure is described and well illustrated. It consists of a fusion 
of the lumbar spine with placement of two bone grafts — one in each paravertebral groove 
— and of removal of the articular processes of the vertebrae to enlarge the intervertebral 
foramina. An extensive bibliography is appended. 


Care of Poliomyelitis. Jessie L. Stevenson, R.X. New York, The Macmillan Co., 

1940. S2.50. 

This book is written by a nurse with many years’ experience in public health nursing, 
and presents material of value to those in the field of public health and orthopaedic nursing. 

An account is given of the growth of public interest in poliomyelitis, and a summary 
of the accomplishments in research, control, and after-care by such organizations as The 
National Foundation for Infantile Paralysis, Harvard Infantile Paralysis Commission, 
Georgia Warm Springs Foundation, and the Visiting Nurse Associations of Brooklyn and 
Chicago. 

Brief descriptions of the etiology, pathology, control of epidemics, course of attack, 
treatment through the various stages of the disease, educational facilities, and vocational 
work are presented. Credit is given to the proper authorities at the close of each chapter. 

Complete instruction is given for bedside nursing, protection of affected muscles, 
prevention of deformity, psychology of adjustment of family and patient, and cooperation 
with the medical profession and available agencies. Many helpful suggestions for the 
use of home facilities, adjustments of beds, and protective apparatus, while not new, are 
well repeated here. In the appendices are reprinted from The Physiotherapy Review 
directions for making simple splints. The illustrations are an adjunct to the text. 

The very limited explanations of the use of heat, massage, muscle testing and 
training, and exercises in water are not adequate instruction for their use. Only enough 
information is given to acquaint the reader with these modalities. The author, because 
of her training, naturally gives a preponderance to a nurse’s viewpoint. 

Supervisors and instructors of public health nurses will find much teachable material 
in this book. 


The Medical Annual, 1940. Edited by H. Letheby Tidy, M.A., M.D., F.R.C.P., 
and A. Rendle Short, M.D., B.S., B.Sc., F.R.C.S. Bristol, John Wright & Sons, 
Ltd., 1940. 20 shillings. 

The present edition of the Annual is the fifty-eighth, and follows closely the general 
scheme of its predecessor which was reviewed in The Journal of October 1939. This 
year the Annual consists of 604 pages of text, 62 text illustrations, 65 plates, plain and 
colored, and a practitioner’s index of new pharmaceutical and dietetic preparatioiLs, 
medical and surgical appliances, etc. This is followed by a chapter which lists important 
new books and periodicals which have appeared during the year. 

The subject matter of the text has been prepared by thirty-five of England’s leading 
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Congenital Malformations. A Study of Parental Characteristics with 

Special Reference to the Reproductive Process. Douglas P. Murphy, M.D., 

F.A.C.S. Philadelphia, University of Pennsylvania Press, 1940. $2.00. 

From the Gynecean Hospital Institute of Gynecologic Research the author reports 
an extensive statistical study of parental characteristics with special reference to the re- 
productive process and to the occurence of congenital malformations. From this study, 
based on an investigation of 600 couples, a series of thirty-two conclusions are drawn 
by Dr. Murphy, which, in general, bear out the belief that congenital malformations are 
definitely hereditary. It is surprising that, in this series, syphilis, as indicated by the 
Wassermann blood test, does not appear to afflict the mothers of congenitally malformed 
offspring more often than those of children who are normally developed at birth. The 
conclusion that the diets of the mothers of defective children are significantly lacking in 
adequate amounts of calcium, phosphorus, iron, and vitamins B, C, and D requires 
further evaluation. In view of the wide extent of these deficiencies, it seems doubtful 
whether this factor bears any more definite relation to congenital malformations than 
does syphilis. 

The most significant contribution of this important piece of research is summed up 
in the final general conclusion: “ Gross human congenital malformations arise solely from 
influences which affect the germ cells prior to fertilization. No evidence is available to 
indicate that they result from factors which operate for the first time after fertilization 
has taken place.” 

Principles of Orthopedic Surgery. James Warren Sever, M.D. Ed. 3. New York, 

The Macmillan Co., 1940. S3. 25. 

This work of which the present volume, entitled “Principles of Orthopaedic Surgery” 
is the third edition first appeared in 1924 under the title, “Text Book of Orthopedic 
Surgery”. In truth, neither designation is entirely correct for this excellent series of 
lectures on orthopaedic topics. The author notes in his preface that the material in 
this book is the result of many lectures on orthopaedic surgery to students and nurses. 

For the general practitioner or the student, it offers a vivid and interesting presenta- 
tion of the material of orthopaedic surgery. In large part, the text of the original volume 
has been incorporated into the present edition, but numerous additions of more recent 
studies in orthopaedic surgery have been made. These addenda are extremely valuable 
in that they present the single viewpoint of the author’s maturity. But for this verj r 
reason the experienced orthopaedic surgeon, who is often interested in diversity of opinion, 
may not find the work so significant as it must certainly prove to be to the student. '1 he 
text is clear, the indications are unequivocal, and the illustrations are excellent. 

A Synopsis of Surgery. Ernest W. Hey Groves, M.S., M.D., B.Sc. (Lond.), F.R.C.S. 

(Eng.). Ed. 11. Baltimore, The Williams & Wilkins Co., 1940. $5.00. 

This book, as its title implies, gives only the essentials of the practice of surgery. It 
is not intended to supplant the more detailed and complete textbooks, but, rather, to sup- 
plement them. Its concise and orderly arrangement of facts enables the busy practitionei 
to obtain quickly and easily the fundamental points in diagnosis and treatment. That 
it has reached the eleventh edition is evidence of its favorable reception by the medical 
profession. 

The text in this latest edition has had complete revision; it includes the recent 
information on the subjects which are creating so much interest at present, replacing 
some of the older material which has now become less accurate or important. I he boo 
deserves the continued popularity which the previous editions have enjoyed. 

Estudo sobre dores lombares (A Study of Lumbar Pain). Orlando Pinto de Souza. 

Sao Paulo, Empresa Grafica da “Revista dos Tribunals”, 1939. 

This large, paper-bound monograph with many roentgenograms and other illustra 
tions, printed on excellent paper, presents an interesting and careful study of the pro > em- 
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reexamined. The tabulation of results was complicated by the presence of other lesions 
in the knees treated. In general the results were encouraging. Osteophyte formation 
was a frequent sequel. — Walter P. Blount, M.D., Milwaukee, Wisconsin. 


Polyostotic Fibrous Dysplasia. Torfinn Denstad. Ada Radiologica, XXI, 143, 

Apr. 1940. 

The author describes the case of a woman aged eighteen, who presented herself, 
complaining of pain and limp ten years after a fracture of the left femur. After briefly 
reviewing the differential diagnosis, eliminating simple bone cyst, giant-cell tumor, and 
generalized osteitis fibrosa cystica, the author inclines to the opinion that his case belongs 
to the category designated by Lichtenstein as “polyostotic fibrous dysplasia”. 

The lesion is believed to represent a congenital anomaly of skeletal development. 
Symptomatically, the disease is characterized by pain, limp, and deformity, which de- 
velop during the childhood and adolescence of women. Pathological fracture is common. 
Roentgenographically, rarefaction of the affected bones, with thinning and expansion of 
the cortex, is typical. The calcium and phosphatase content of the blood are unchanged. 
At operation, the marrow cavity is frequently filled by a relatively avascular grayish- 
white tissue of spongy or elastic consistency. Operation does not appear to have any 
therapeutic significance. Since the activity of the lesion decreases with advancing years, 
the most rational treatment consists in prophylaxis against fracture. — Henry Milch, 
M.D., New York, N. Y. 


Diagnosis and Roentgen Treatment of Certain Forms of Lumbago. Chr. I. 

Baastrup. Acta Radiologica, XXI, 151, Apr. 1940. 

The author calls attention to the fact that the interspinous space is normally greater 
anteriorly than posteriorly. While this may vary physiologically, contact of the tips of 
the spinous process with loss of the interspinous tissues may lead to a severe form of 
backache. This usually occurs in hyperextension and may be associated with a number 
of different conditions. Acute flexion may lead to the same symptoms as a result of the 
tearing of the interspinous ligaments. This condition he designated as osteo-arthrosis 
processus spinosi. 

In the acute cases, the pain is usually localized over the interspinous space, but it 
may be found in the paraspinous areas. Treatment consists of heat, rest, and sedation. 
In more severe cases, novocain injection frequently affords relief. 

In the chronic cases, roentgenotherapy is frequently very efficacious. The details of 
the therapy are given. In brief, the individual is given 300 roentgen units. This may 
be repeated twice at intervals of six weeks. If this is ineffective, another series of two or 
three treatments, at six-week intervals, is given. Of a total of sixteen men, twelve 
showed improvement; among twenty-seven women, twenty-one were improved. In 
most cases the symptoms, of long duration, were relieved after a single exposure. The 
effect may be only temporary and the patient may require renewed roentgenotherapy 
upon recurrence of the symptoms. — Henry Milch, M.D., New York, N. Y. 


Arthrography and Roentgenography in Ruptures of the Tendons of the Shoul- 
der Joint. Knut Lindblom. Acta Radiologica, XX, 548, 1939. 

The author stresses the fact that in his series none of the clinical signs described by 
Codman, Palmer, and others proved to be pathognomonic of ruptures of the musculo- 
tendinous cuff about the shoulder joint. On the other hand, arthrography of the shoul- 
der joint has proven an accurate diagnostic method. 

Arthrography is performed by the intra-articular injection of six cubic centimeters 
of a thirty-five per cent, solution of perabrodil mixed with one cubic centimeter of novo- 
cain, after preliminary novocain anaesthesia. Roentgenograms are made immediately 
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in a series of four positions, which the author describes and illustrates. The interpreta- 
tion of the normal roentgenogram in these different positions is contrasted with roent- 
genograms of clinically proven cases of ruptures of the various muscles about the shoulder 
joint. — Henry Milch, M.D., New York, N. Y. 


Determination of Serum “Acid” Phosphatase Activity in Differentiating Skele- 
tal Metastases Secondary to Prostatic Carcinoma from Paget’s Disease 
of Bone. Alexander B. Gutman, Ethel Benedict Gutman, and John N. Robinson. 
The American Journal of Cancer, XXXVIII, 103, Jan. 1940. 

The authors note that roentgenographie differentiation between osteitis deformans 
and skeletal metastases from prostatic carcinoma is occasionally impossible. The present 
study emphasizes the importance of determining the serum'acid phosphatase activity as 
an aid in differential diagnosis. 

Determinations were made by the method of King and Armstrong at a hydrogen-ion 
content of 4.S, and by the method of Bodansky in estimating alkaline phosphatase ac- 
tivity. 

Most cases of prostatic carcinoma with bone involvement show serum acid phos- 
phatase values greater than three units per 100 cubic centimeters. On the other hand, 
all but five of more than 200 control patients with diseases other than metastatic carci- 
noma of the prostate or Paget’s disease were found to have serum acid phosphatase 
values of less than three units per 100 cubic centimeters. 

The acid and alkaline phosphatase activity of the serum in thirty-two cases of 
Paget’s disease is recorded in the present study. Six of the most advanced cases, with 
serum alkaline phosphatase levels of over seventy Bodansky units per 100 cubic centi- 
meters of serum, were found to have serum acid phosphatase levels of over three units per 
100 cubic centimeters; in the remaining twenty-six cases, normal values were obtained. 

The author concludes that the determination of serum acid phosphatase activity 
appears to be applicable to the differentiation of Paget’s disease from bone metastases 
secondary to carcinoma of the prostate. — Grantley IF. Taylor, M.D., Boston, Massa- 
chusetts. 


The Operative Lengthening of the Tibia and Fibula. A Preliminary Report 

on the Further Development of the Principles and Technic. Leroy C. 

Abbott and John B. deC. M. Saunders. Annals of Surgery, CX, 961, 1939. 

The authors review their earlier experiences in operative lengthening of the tibia and 
fibula, which was begun in 1924. They refer to the difficulties and complications en- 
countered and mention the trend of some surgeons toward less radical procedures such as 
shortening of the sound leg by fusion of the epiphyses. However, there is a limited group 
of cases in which bone lengthening is definitely indicated; consequently the authors have 
conducted further studies with a view to reducing the chances of complications from 
this procedure. 

To a large extent these complications result from a failure of the soft parts to lengthen 
proportionally with the bones. In order to determine the exact relationship of the deep 
fascia, intermuscular septa, and interosseous membrane to the tibia and the fibula, as well 
as the relationship of the muscles to these structures, the authors carried out many 
anatomical dissections. 

As a result of these studies, they developed a technique of operation based on new 
principles. This technique involves a complete division of the deep fascia of the leg, y e 
intermuscular septa, and the interosseous membrane, as well as the freeing of all t ie 
important blood vessels and nerves at the upper portion of the leg. 

The chief features of the operation are: 

1. Special osteotomies to retain the maximum portion of the origin of the muse es 
which pass from the leg to the foot. 
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2. Incisions to provide for freeing the blood vessels and nerves from their points 
of fixation. 

3. Preservation of the nutrient vessels of the tibia and the fibula and a minimum 
reflection of the periosteum of these bones. 

A new apparatus has been developed which gives better control over the fragments 
and decreases the chances of infection. 

Seven cases in which the new technique was used are reported, along with critical 
comment on the operative technique and postoperative course in each case. 

The authors emphasize the fact that the operation of bone-lengthening is and always 
will be a major undertaking with the possibility of serious complications. They feel 
that with more study and experience a less radical procedure will be developed to carry 
out the same objectives. — 0. B. Bolibaugh, M.D., San Francisco, California. 


A Clinical Consideration of the Methods of Equalizing Leg Length. Philip D. 

Wilson and T. Campbell Thompson. Annals of Surgery, CX, 992, 1939. 

This paper presents a very complete survey of the subject. Inequality of leg 
length has always been regarded as a disgraceful and crippling condition. The unfor- 
tunate victims suffer from a psychological as well as a physical handicap. In selecting 
cases for operation, sound surgical judgment and not sentiment must be the deciding 
factor. 

The surgical approach to this subject is discussed by the authors under the following 
classification: 

I. Changing the rate of growth: 

(1) Stimulation of growth in the shorter extremity. 

(a) Local stimulation of bone growth. 

(b) Lumbar sympathectomy. 

II. Surgical reconstruction. 

(1) Bone lengthening of the shorter extremity. 

(2) Bone shortening of the longer extremity. 

Illustrative cases, showing results from the various methods, are reported. The 
advantages and disadvantages are presented in detail. 

The various factors to be taken into consideration in selecting the type of procedure 
are emphasized. Their conclusions can be summed up briefly as follows: 

1. Local stimulation is as yet of no clinical value. 

2. Improvement cannot be assured from lumbar sympathectomy. The greatest 
gain that can be expected is about one inch. 

3. Epiphyseal arrest is a relatively minor procedure. Careful calculation must be 
made to determine at what age the operation should be done. Complete fusion is 
necessary to prevent deformity from unequal growth. This operation is applicable only 
during the growing period. 

4. Leg lengthening is a formidable procedure, frequently attended by serious com- 
plications, and should not be attempted in severely paralyzed or atrophic extremities. 
It should be done only in cases in which the patients are too old for epiphyseal arrest or 
are unwilling to sacrifice height by shortening the longer leg. 

5. Leg shortening has the disadvantage that it must be done on the longer and 
usually sound leg. It is relatively simple and much safer than bone lengthening. This 
procedure gives a better functional result than leg lengthening. — O. B. Bolibaugh, 31. D., 
San Francisco, California. 


Blood-Borne Pyogenic Infections of Bones and Joints. Fenwick Beekman and 
John E. Sullivan. Annals of Surgery, III, 292, Feb. 1940. 

The authors point out that our conception of acute osteomyelitis has undergone 
constant changes during our lifetime. 
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Thirty years ago the disease was considered a local condition and was treated by 
radical resection of the involved bone. These drastic shock-producing operations, if not 
hastening death, often resulted in a crippled and deformed limb or an amputation. 

The significance of blood-stream infection in acute osteomyelitis was not appreciated 
by earlier writers. 

The blood-stream infection may be transitory or persistent, in the latter case it 
produces death of the patient. In the former case, treatment need be directed only at 
the local condition. 

The authors quote statistics which show the mortality is not due to osteomyelitis but 
to the preceding blood-stream infection which may cause death through septicaemia or 
pyaemia. Therefore, treatment should be directed against the underlying blood-stream 
infection. 

Twenty-one case histories from the Children’s Surgical Service of Bellevue Hospital 
are presented with comments. From their studies, the authors arrived at the following 
conclusions: (1) Death results from septicaemia or pyaemia and is not due to the lesions 
in bones or joints. (2) Streptococcus septicaemia behaves differently from staphylococ- 
cus septicaemia, as shown by local and general manifestations. (3) Every attempt 
should be made to recognize the organism before treatment is begun. (4) More atten- 
tion should be paid to the general condition of the patient before operation on the local 
condition is undertaken. The normal physiological balance of the body should be es- 
tablished by use of intravenous saline and glucose solutions, and by transfusions. (5) 
Local lesions should not be drained by incision until an abscess is formed or frank pus is 
found to be present. In pyarthrosis, operation to relieve tension is indicated. Lesions 
due to staphylococcus should be drained as soon as the patient’s bodily condition war- 
rants it. Those due to streptococcus maj”- be drained when the purulent exudate has 
formed. (6) In the treatment of acute osteomyelitis and pyarthrosis, complete im- 
mobilization of the extremity with infrequent dressings has proved of benefit. (7) By 
employing the above methods, decrease in mortality has been effected. (8) Far 
better functional results have been obtained in pyarthrosis by use of the Orr method. 

O. B. Bolibaugh, M.D., San Francisco, California. 


The Treatment op Compound Fractures of the Long Bones. James H. Heyl. 

Annals of Surgery, III, 470, Mar. 1940. 

This paper is based on a study of all the compound fractures of the extremities which 
were originally treated at the Beekman Street Hospital from 1925 to 1936, inclusive. 
There were 128 patients. 

This paper is somewhat unique in that it is based upon an analysis of mistakes and 
failures rather than upon good results. 

Resumes of the following groups of cases are presented: (1) Thirteen patients 
died within thirty-six hours after admission without operation. (2) Nine patients 
died within twenty-four hours after admission after debridement. (3) Five patients 
had immediate amputation. (4) Eleven patients had late amputation. (5) Resume 
of late fatalities. 

There were twenty-six deaths in the series, or a total mortality of 20.3 per cent. 
Excluding the thirteen fatalities which occurred within thirty-six hours, the mortalit} 
was 11.3 per cent. Sixteen patients were subjected to amputations. There were nine 
anaerobic infections in the series. 

The following points are emphasized in the conclusions: Traction should be app iec 
in all compound fractures for transportation. A careful examination should be made on 
admission to determine the complicating conditions. Shock must be combatted be ore 
operative procedures are undertaken. Debridement should be performed within six 
hours of the injury or not at all. Reduction and immobilization should be underta en 
early. Late reductions after infection is present are contra-indicated. Closure of w oun 
with or without debridement should be exceptional. Amputations are necessary or 
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impaired circulation or spreading infection. — 0. B. Bolibaugh, M.D., San Francisco, 
California. 


Specific Osteomyelitis (Syphilis). M. G. Ramachander. The Antiseptic, XXXVI, 

1071, Nov. 1939. 

This is the report of a case of specific syphilitic osteomyelitis in a four-year-old boy. 
The lesion involved the left tibia and fibula and the right humerus. The tibia suppur- 
rated and required incision and drainage. 

Roentgenogram showed extensive involvement of the periosteum and patchy de- 
struction of the cortex and medulla. There was no bone sequestration. Both parents 
had a history of syphilis, but the child showed no other signs of congenital syphilis. His 
convalescence was expedited by treatment with iodide and mercury. — Robert M. Green, 
M.D., Boston, Massachusetts. 


Heilungsergebnisse von Hallux valgus-Operationen (End Results of Hallux 

Valgus Operations). Ewald Frohlich. Archiv fur orthopddische und Unfall-Chir- 

urgie, XXXIX, 624, 1939. 

The author, working in Hohmann’s Clinic, reports on sixty-six cases operated upon 
by Hohmann’s method with occasional modifications, and ten cases operated upon by 
Brandes’ technique. 

Hohmann attacks the spreading of the forefoot by osteotomizing the neck of the first 
metatarsal and by displacing the head fragment laterally on the metatarsal shaft, at the 
same time rotating it medially and plantarward. At times the exostosis is chiselled off. 
Occasionally the lateral soft tissues must be divided to straighten the first toe. He then 
strips the soft tissues from the shaft of the first metatarsal sufficiently to mobilize it and 
forces it manually toward the second metatarsal (although he makes no provision for 
keeping it there). In one case, a corresponding procedure was performed in the area of 
the fifth toe. 

Brandes resects two-thirds of the proximal portion of the basal phalanx of the great 
toe. The author prefers to resect but one-lialf. Usually the exostosis was simultane- 
ously removed. The operation was performed when arthritic changes in the metatarso- 
phalangeal joint made it inadvisable to employ the Hohmann procedure. 

On the whole, the author was satisfied with the results of the Hohmann operation 
when the technique was followed accurately. Surgery on the joint itself necessitated 
longer after-care to restore adequate motion. Weight-bearing was not permitted for the 
first four weeks. Attempts to tighten the spread forefoot in four cases failed. — Joseph E. 
Milgram, M.D. , Brooklyn, New York. 


Zur blutigen Behandlung schlecht stehender Knochelbruche (Operative Treat- 
ment of Malaligned Ankle Fractures), v. Brandis. Archiv fiir orthopddische und 
Unfall-Chirurgie, XXXIX, 659, 1939. 

Malaligned ankle fractures necessitated open operation in twelve of 280 fractures of 
the ankle occurring in an eight-year period. The difficulties revolve about the disruption 
of the fork of the ankle due to the rupture of the ligaments which hold the tibia to the 
fibula, displacement of the fibula, and displacement of the posterior fragmented portion 
of the tibial articular surface. Emphasizing the incidence of arthritic changes in these 
joints, the author at open operation insists on adequate exposure to permit accurate 
fixation with stainless-steel wire or, occasionally, with pins. He removes these as a rule 
in from six to eight weeks. In severe comminuted fractures of the fibula, a bone graft is 
used to restore the alignment of the fragments. — Joseph E. Milgram, M.D., Brooklyn, 
New York. 
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K X 0 C HE X B n I t C H e tjnd Schwangerschaft (unter besonderer Berucksichtigung 
der Beckexbruche). [Fractures and Pregnancy (with Especial Regard to Fractures 
of the Pelvis).] J. Lampert. Archie fur orlhopadische und VnfaU-Chirurgie, 
XXXIX, 675, 1939. 

The author adds four cases of fractures occurring during pregnancy to the rather 
small number appearing in the literature. Three were pelvic fractures. In these, as in 
the reported cases, union was prolonged past the usual dates. In one of his cases, a large 
bony exostosis existed on the pubis, the consequence of a fracture sustained four months 
before the patient became pregnant. During the nine months of the succeeding preg- 
nancy, the exostosis was spontaneously absorbed, and a normal delivery ensued. 

The author agrees with the opinions expressed in the literature that bony union in 
maternal fractures is delayed during the first and middle thirds of gestation. During the 
last three months, rapid bone formation is noted. — Joseph E. Milgram, M.D., Brooklyn, 
New York. 


Las fracturas de la eminencia capitata del humero (Fractures of the Capitellum 

of the Humerus). Oscar R. Mardttoli. Bolelines de la Sociedad de Cirugia de 

Rosario, VI, 459. Xov. 1939. 

The lesion known as fracture of the capitellum of the humerus is one in which the 
fracture involves that portion of the external condyle of the humerus which projects 
outward and forward to articulate with the upper end of the radius. This fracture has 
received a good deal of attention and discussion in times past and the author goes into the 
history of this lesion in some detail. While this fracture is relatively rare in the ordinary 
surgeon’s private practice several large series of cases have been reported and these are 
mentioned. His own series consists of four cases or 3.47 per cent, of the 115 fractures of 
the elbow which he encountered. The fractures are divided into two distinct classifica- 
tions depending upon the location of the fracture line. The first class involves simply the 
tip of the external condyle, while the second class includes those with an extensive frac- 
ture extending down into the trochlear portion of the joint. In the author’s series of four 
cases, three were of the second type. Without exception, the displaced fragment under- 
went some rotation. The rotation was quite variable, but either ninety or ISO degrees 
of forward rotation was often found. In general he concludes that in those cases in 
which the rotation is less than ninety degrees a closed reduction may be done with an 
expectation of good results, while in those cases where the rotation is over ninety degrees 
open reduction is usually necessary. He stresses, however, the importance of indi- 
vidualizing each case before deciding the type of treatment to use. The author em- 
phasizes the importance of looking for other fractures in connection with the fracture of 
the capitellum, because they are especially common at the proximal end of the radius m 
connection with this lesion. Better anatomical reposition and better end results can 
usually be obtained bj r surgical treatment The author presents his four cases in detail 
with roentgenograms illustrating each case. — Louis IF. Breck, M.D., El Paso, Texas. 


Compression Fractures of the Os Calcis. Gordon Murray. The Canadian Medico 
Association Journal, XLII, 422, May 1940. 

The type of fracture where the chief deformity is an impaction of a fragment m 
eluding the articular surface of the os calcis into the lower fragment of this bone has P re 
sented many difficulties in reduction. It has been the author’s experience, in seveia o 
these cases, that skeletal traction by the Bohler method or manipulation with traction 
and pounding did not elevate this fragment. It was planned, therefore, to elevate 
fragment by open operation and to support it in position by bone grafts. ^ 

A lateral incision was used and the fragment was elevated with osteotomes, 
tibial grafts were cut, half an inch in thickness at the posterior ends and tapeiing o i 
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onc-sixtccnth of an inch anteriorly. The grafts were placed longitudinally in some cases 
and transversely in others. 

Two cases are reported with roentgenograms. One patient returned to the work of 
a laborer four and a half months after operation, and at the end of a year had no de- 
formity or disability. The other returned to work five months after operation, and at 
the end of a year and a half had no disability. 

The author concludes that, while there is only a small percentage of cases of fractured 
os calcis of this type, they present a problem which has not been solved satisfactorily by 
other methods of treatment. In these cases open reduction with elevation of the frag- 
ment and insertion of bone grafts appeared to give satisfactory anatomical and functional 
results. — F. R. Wilkinson, M.D., Toronto, Ontario. 


Fractures of the Mandible. Stuart Gordon. The Canadian Medical Association 

Journal, XLII, 521, June 1940. 

Forty-three cases of fracture of the mandible are discussed and a new modification 
of an old method of treatment is described. 

Block anaesthesia of the inferior dental nerve with 2 per cent, novocain was used 
in sixteen cases, fifteen were done without any anaesthetic, five with avertin and nitrous 
oxide, and five with nitrous oxide. Avertin was the least satisfactory. 

Various methods of wiring the teeth are described, including band wires and cir- 
cumferential wires. The author’s modification consists of passing a length of 28-gauge, 
stainless-steel wire between two molars or bicuspids and then in and out between the teeth 
until a corresponding tooth on the opposite side is included. In each instance a loop is 
formed in the wire where it lies on the buccal surface of a tooth. A mechanical looper has 
been devised which forms loops identical in size, shape, and length; this is illustrated. 
Cross ties of waxed silk are used. Fractures a short distance in front of the angle and 
with the posterior fragment edentulous are treated by passing a stainless-steel wire 
through a hole drilled near the angle of the mandible. Traction is obtained by fastening 
this wire with a piece of heavy elastic to a jury-mast extending down from a plaster head- 
piece. Extraction of a tooth lying in the line of fracture is not advised unless the tooth 
be dirty. 

Complications in this series were relatively rare. Thirty-five obtained an immediate 
good result from treatment. One patient died of meningitis. The details of the less 
favorable results are given. — F. R. Wilkinson, M.D., Toronto, Ontario. 


Staphylococcus Septicemia with Septic Arthritis of the Knee Treated with 

Sulfapyridine. Report of a Case. J. I. Kendrick. Cleveland Clinic Quarterly, 

VII, 35, Jan. 1940. 

Kendrick reports the favorable treatment of a case of septic arthritis of the knee 
joint by the oral administration of sulfapyridine and by multiple aspirations and irriga- 
tions of the joint. The blood and joint fluid were positive for staphylococcus aureus. 

The patient, a boy, fourteen years of age, was seen five days after onset of pain fol- 
lowing trauma to the knee. His temperature on admission was 103 degrees. The 
knee was maintained in flexion, with acute tenderness over the medial aspect of the joint, 
increase in joint fluid, and distention of the quadriceps pouch and periarticular thicken- 
ing. Roentgenographic examination of the bones showed no pathological changes. 
The white blood count was SOSO. On aspiration of the knee, a thick, greenish, purulent 
fluid was obtained, which contained many white blood cells, but smear and culture were 
negative for bacteria. The blood culture on admission w-as positive for staphylococcus 
aureus. The knee was again aspirated three days later. Culture of this fluid was posi- 
tive for staphylococcus aureus. 

A transfusion of 500 cubic centimeters of blood was given, and sulfanilamide was 
administered, but the septic temperature continued. On the fifth day sulfanilamide was 
discontinued, and sulfapyridine was started, after which the temperature gradually 
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subsided. The joint was aspirated eight times at intervals of from two to three days and 
irrigated with from 500 to 1,000 cubic centimeters of normal saline. Five days after 
sulfapyridine was started, the temperature was normal. 

The patient left the hospital on the twenty-eighth day with full range of motion and 
no tenderness. Follow-up two months later showed normal motion, no periarticular 
changes, and no areas of tenderness . — Frederic IF. Ilf eld, M.D., Los Angeles, California. 


Fragilitas Osseum. Brittle Bones and Blue Sclera. Hereditary Mesenchyme 

Hypoplasia. B. H. Nichols. Cleveland Clinic Quarterly, VII, 58, Jan. 1940. 

Nichols reports a case presenting a mixed picture of fragilitas osseum, osteitis 
fibrosa cystica, and Paget’s disease. The author believes that this case supports the 
theory that these diseases have a general relative etiology not due to parathyroid disease. 

The patient was a man, thirty-one years of age. He had been a normal child until 
seven and one-half years of age, when the skull became abnormal in shape. There had 
been a series of fractures, beginning at the age of seventeen years and continuing until 
twenty-four years of age. He was poorly developed and had blue sclera. The entire 
cranium was markedly enlarged. There were bony exostoses of the canal of the left ear 
with diminished hearing. The preoperative blood calcium was 9.6 to 13 milligrams; the 
phosphorus was 1 to 3 milligrams; the phosphatase was five times the normal content. 
At operation one parathyroid gland, two and one-half times the normal size, was re- 
moved; the remaining parathyroids were normal. Histological examination revealed 
normal parathyroid tissue. 

Fourteen months after exploration, the patient reported that he was well, but seven 
months later a large cyst developed in the left femur. The calcium at that time was 9.3 
milligrams and the phosphorus was 2.7 milligrams. The following year exploration of 
the parathyroids again revealed no abnormality. The serum calcium was 9.5 to 12.5 
milligrams; the phosphorus, 2.9 to 3.4 milligrams; the phosphatase, 21.5 to 28.2 milli- 
grams (Bodansky) ; and the basal metabolism, plus 7. There were cystic areas in both 
iliac bones, in the wings, and in the sacral portions, and large cystic areas were present 
in the ischium and pubes. The patient continued to have painless fractures from slight 
trauma. He died at another hospital, where unfortunately no necropsy was performed. 

— Fredenc IF. Ilfeld, M.D., Los Angeles, California. 


Regeneration of Epiphyseal Centers of Ossification Following Destruction by 
Pyogenic or Tuberculous Infection: Report of Five Cases. Samuel W. 
Banks, William Krigsten, and Edward L. Compere. The Journal of the American 
Medical Association, CXIV, 23, Jan. 6, 1940. 

This article is based on a study of five cases in which regeneration of a completely or 
partially destroyed epiphysis was known to have existed. In four cases the epiphysitis 
was caused by pyogenic organisms and in the fifth, by tuberculosis. 

These cases illustrate the ability of centers of ossification to regenerate after a 
severe infectious process. This capacity depends on the amount of cartilage that re- 
mains. Varying degrees of longitudinal bone growth were observed following an acute, 
infectious epiphysitis, indicating that the epiphyseal plate may remain viable, despite the 
fact that the entire adjacent epiphysis has been destroyed. The youngest patient was 
seventeen days old, and the oldest was seven and one-half years of age . — Henry H. 
Beckering, M.D., Dallas, Texas. 


Sympathicoblastoma. Fremont A. Chandler and John R. Norcross. The Journal of 
the American Medical Association, CXIV, 112, Jan. 13, 1940. 

Tumors of the sympathetic nervous system are probably seen most frequently by the 
neuropathologist and the neurosurgeon. Occasionally the paediatrician, the internist, 
the abdominal surgeon, and the urologist encounter them. They are rarely observed by 
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the orthopaedic surgeon, but must be considered before making the final diagnosis in 
certain lesions of the spine. 

By far the greater majority of the cases of the neoplasm that have been reported 
involve the medullary portion of the adrenal gland. They may occur, however, at 
various locations within the body, producing a multiplicity of symptoms. 

“A sympathicoblastoma is a completely undifferentiated malignant tumor which 
takes its origin from embryonal cells of the sympathetic nervous system. The parent 
cell of the sympathetic primordia is the sympathogonia. This is a completely undif- 
ferentiated spherical cell with a densely staining nucleus and little cytoplasm. This 
develops into a larger cell, the sympathoblast, which is polygonal and has a considerable 
amount of cytoplasm in which fibrils may be seen. The cytoplasm of these cells may be 
prolonged into filamentous processes.” The microscopic appearance of these tumors 
depends on the type of cell which predominates. If most of the cells are sympathogonia, 
the tissue has an appearance similar to that of a sarcoma, with masses of densely packed 
round cells containing little cytoplasm. Usually some sympathoblasts are present, and 
one or more rows of these cells may be formed about a central mass of fine fibrils, forming 
the characteristic rosette. 

Four cases seen in children, ranging from eighteen months to nine years, are reported. 
In one, the tumor took origin in the spinal canal and migrated through the intervertebral 
foramen into the thoracic cavity. In another, an extradural tumor was found within 
the canal in the upper thoracic region. In a third, a biopsy from cervical glands was 
positive, and roentgenographic examination revealed a mediastinal mass. A positive 
cervical-gland biopsy in the fourth case was associated with a mass in the abdomen 
just to the left of the spine at the level of the second, third, and fourth lumbar vertebrae. 
All of these children presented neurological symptoms, and death occurred within from 
one to two years. — Herschcl Penn, M.D., Knoxville, Tennessee. 


The Diagnosis and Treatment op Supped Epiphyses. Ralph K. Ghormley and 

Robert D. Fairchild. The Journal of the American Medical Association, CXIV, 229, 

Jan. 20, 1940. 

In treating slipping upper femoral epiphyses, consideration must be given not only 
to the immediate result — that is, relief from pain and disability and correction of de- 
formity — but also to the ultimate result, which can be estimated only after the patient 
has reached the age of fifty or sixty years. It is the opinion of the authors that, in spite 
of some apparently not too good immediate results from modern methods of treatment, 
on the whole the results in these cases from thirty to fortj r years hence will justify this 
treatment in most instances. 

A review of the literature relative to the etiology of slipped epiphysis is made, and 
most of the various hypotheses presented can be placed in one of three grades: (1) me- 
chanical or traumatic, (2) infectious, and (3) endocrine. The idea of trauma as the main 
if not the sole cause seems to the authors the most reasonable. With a pre-existing in- 
crease in the inclination of the epiphyseal line and obviously increased rapidity of growth 
at the age of adolescence, a slight or moderately severe trauma may well set up the slip- 
ping process which leads to the condition. 

Diagnosis should be made in the very earliest stage of slipping, called by some the 
“preslip” stage, and any adolescent presenting himself with a slight limp or painful hip 
should be regarded with suspicion and should have careful physical and roentgenographic 
examinations. 

The numerous methods of treatment which have been advocated include manipula- 
tion and cast, traction on a Jones frame, prolonged fixation on a Jones frame, rest, open 
reduction with or without internal fixation, drilling of the head of the femur and epi- 
physeal line, impaction with the Cotton mallet, insertion of a Smith-Petersen nail, 
skeletal traction and plaster boots, manipulation and internal rotation. The authors 
summarize the appropriate treatment in the various stages as follows: 
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Stage 1- — Early Slipping: Conservative measures should be used; weight-bearing by 
use of crutches, with or without a walking caliper splint and a high sole on the shoe of the 
sound leg, should be discontinued. 

Stage 2-A — Gradual Slipping: During this stage the epiphysis is not completely 
separated and the displacement cannot be reduced by manipulation without danger of 
damaging the epiphysis, the epiphyseal line, and the circulation in the ligamentum teres. 
Open operation with osteotomy is the treatment of choice. 

Stage 2-B — Acute Slipping Superimposed on Gradual Slipping : Here the head of the 
femur is usually loose and the displacement can be reduced by gentle manipulation, if 
treatment is not delayed too long after the complete separation has taken place. If one 
is not sure whether or not the head is loose, an open reduction to replace the head is better 
than to risk damaging the head by rough manipulation. 

Stage 8 — Complete Slipping of Long Standing: Here an open reduction with replace- 
ment of the head of the femur, if possible, is the treatment of choice. If the epiphyseal 
line is closed, osteotomy through the neck to correct the external rotation and shortening 
of the leg is indicated. Adults are best treated by some form of arthrodesis, if pain is a 
prominent symptom, or by aeetabuloplasty, if motion is to be preserved. 

A review of the methods of treatment and end results in fifty-five cases seen at The 
Mayo Clinic during the fifteen-year period from January 1, 1922 to December 31, 1936 
is presented. — Herschel Penn, M.D., Knoxville, Tennessee. 


Experience with Cobra Venom in the Arthralgias and Related Conditions. 

Otto Steinbrocker, George C. McEachern, Emanuel P. LaMotta, and Freeman 

Brooks. The J ournal of the American Medical Association, CXIV, 318, Jan. 27, 1910. 

A preliminary report on therapeutic experience with cobra toxin for relief of pain in 
arthritis, neuralgia, and related conditions is presented. 

Intramuscular injections of two cubic centimeters or ten mouse units were given 
daily whenever possible for from five to ten days after an initial injection of one cubic 
centimeter (five mouse units) to ascertain tolerance. When subjective and objective 
improvement or the latter alone persisted during a period of three or four injections, the 
dose was reduced or the interval between injections was gradually lengthened, so that the 
patients received treatments three times, twice, and, finally, once a week. The sites of 
injection were alternated regularly between the deltoid areas and the upper outer gluteal 
quadrants. A control group was made available by the administration of physiological 
solution of sodium chloride in other patients. In some instances venom was substituted 
for saline after several weeks. The good effects of the snake extract were in no instance 
apparent before at least five injections had been administered, and usually from eight to 
ten treatments of the ten-unit doses were required for any benefit to be admitted or 
noticed. In almost every instance the benefit recorded referred to subjective relief. 

Thirty-six control patients suffering arthralgias received injections of saline solution 
from two to five times a week. Seven (19.4 per cent.) showed slight to moderate symp- 
tomatic relief. Twenty-nine (80.6 per cent.) failed to respond. Of sixty-one patients 
treated with cobra venom, thirty-six (59.01 per cent.) were slightly to moderately bene- 
fited, while the condition of twenty-five (40.9 per cent.) was uninfluenced. Of fourteen 
patients with rheumatoid arthritis, nine received the control therapy of saline solution 
without relief; whereas of thirteen who were given cobra injections, eleven appeared to 
have slight to moderate improvement. Of twenty-four patients with osteo-arthntis, 
seventeen were given saline with slight to moderate benefit in four and without effect in 
thirteen. Of twenty-three patients with osteo-arthritis to whom venom was adminis- 
tered, seventeen derived slight to moderate improvement and six obtained no relief, 
fourteen patients with fibrositis, five were subjected to control therapy of saline " it 1 
slight benefit in one and no effect in four. Among thirteen patients with fibrositis « 10 
were injected with the venom, only two showed slight to moderate improvement, " 1 e 
eleven reported that the symptoms were unchanged. There were thirteen patients nit > 
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neuralgia, of whom five received saline; two showed slight to moderate relief and three 
obtained no benefit. Twelve patients with neuralgic symptoms were given venom; six 
of these reported no effect, and the remaining six showed slight to moderate improvement. 

It is the authors’ opinion that “as an added comforting measure, to tide patients over 
an intractable period of treatment in acute or chronic arthralgia or neuralgia, cobra 
venom in certain cases appears to offer some supplementary analgesic effect.” — Herschel 
Penn, M.D., Knoxville, Tennessee. 


Congenital Syphilitic Syringomyelia with Arthropathy of Elbow. Peter G. 

Denker, and Foster Kennedy. The Journal of the American Medical Association, 

CXIV, 40S, Feb. 3, 1940. 

The authors report a case of this extremely rare condition in a negro boy, aged 
twelve, who was admitted to the neurological ward, complaining of weakness and numb- 
ness of the right leg. There had been no previous illness. A cast was applied, which 
caused a painless ulcer on the right foot. Repeated soaking of the foot in hot water 
resulted in a severe burn, which refused to heal promptly. A Wassermann test at 
this time revealed a four-plus reaction. Antiluetic treatment was started. A check of 
the family revealed a four-plus reaction to the Wassermann test in the father, one brother, 
and one sister. 

Physical findings were negative except for sensory changes in the right side, consist- 
ing of complete loss of pain and temperature sensations; touch response was unchanged. 
These findings were most marked in two bands, — one from the third cervical to the 
sixth thoracic segments, the other from the fifth lumbar to the fourth sacral segments. A 
lumbar puncture showed pressure of 230 millimeters of water and complete block. 

Injection of iodized oil through cisternal puncture showed arrest of the medium at the 
eighth thoracic and first lumbar vertebrae. 

The patient received intensive antiluetic therapy faithfully for a year and a half, at 
which time he re-entered the hospital because of an atrophy of the right hand and enlarge- 
ment of the right elbow. The elbow showed limited, painless motion, and no crepitation. 
A roentgenogram revealed destructive changes, as well as osteophytic new-growth areas. 
The articular surfaces were destroyed. 

A lumbar puncture showed partial relief from the block. The Wassermann test 
was negative. The clinical impression was congenital syphilis, with pachymeningitis of 
the cord, secondary softening, and syringomyelia, cavity formation in the cervico- 
thoracic and lumbar regions, and arthropathy of the right elbow joint. 

The process had been completely arrested by vigorous antiluetic treatment at the 
time of this report. 

The authors direct the reader’s attention to the facts that in patients with congenital 
syphilis, over two years of age, the percentage of positive Wassermann reactions is about 
29. Few children reach adult life with neurosyphilis. Although congenital syphilis 
responds poorly to antiluetic therapy, neurosyphilitic processes can be arrested by 
intensive therapy. — W. C. Peterson, M.D., Dallas, Texas. 


Paralysis of the Serratus Magnus Muscle Caused by Lesions of the Long 
Thoracic Nerve. Darrell O. Overpeck and Ralph K. Ghormley. The Journal of 
the American Medical Association, CXIV, 1994, May 18, 1940. 

Twenty-eight cases of paralysis of the serratus magnus muscle or of the long tho- 
racic nerve are reported in this article. Trauma was the chief causative agent in this 
rather rare form of paralysis, of which the acute, the recurrent irritative, and the con- 
tributive are the various types. The symptoms of paralysis are pain in the region of the 
nerve, fatigue of or inability to elevate the arm, and the winging of the scapula. The 
function of the muscle is mainly to aid in fixing the scapula to the thorax when the arm is 
elevated anteriorly, and to rotate the scapula in abduction and forward elevation of the 
arm. 
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Treatment may be conservative or opeiutive; the gioup tieated by opeiative meth- 
ods showed the pooicst lesults. Biacing 01 splinting the aim and scapula with the 
seuatus magnus at lest gives the best lesults when combined with physiotheiapy. The 
piognosis foi lestoiation of function is good in the majonty of instances of the condition. 

— Ilcni y II. Bcckuing, M.D., St. Louis, Missouri. 

The Diagnosis or Neuropathic Joint Disease (Cu.Ancor Joint). Ralph Soto-Hall 
and Iveene 0. Ilaldeman. Thu Journal of the Amu lean Medical Association, CXIV, 
2076, May 25, 1910. 

The usually accepted tlieoiy of pathogenesis attiibutes the development of the 
Chai cot joint to the effect of a single injury oi lepeatcd injuiics on an aitieulation which 
lias lost its sensibility to pam. Undei lying conditions may be tabes doisalis, syiingo- 
myelia, injuiics to the spinal coid, or lepiosy. The chaiactciistics, m the usual older of 
appeaiance, aie: an enlaigement of the joint fiom ail effusion; a icla\ation of its liga- 
ments, leading to instability and defoiimty on weight-beaiing; thinning of the aiticular 
caitilages, maiginal fiactuies; seleiosis of subchondial bone in some aieas and atrophy in 
othei legions, loose bodies in the joint, and the foi illation of new bone outside the joint 
cavity The most staking clinical observation is the absence of pain in the presence of 
such advanced pathological piocesscs. Rigid pupils and absence of knee jeiks aie of 
gieatei impoitance in diagnosis than seiological tests. 

Of foi ty cases analyzed, sixteen demonstiatcd lnlateial involvements. The aveiage 
age at onset of symptoms was between foity-five and fifty veins. The influence of 
tiauma on the development of the nitlnopathy is seen in the latio between the number 
of cases involving the lower extienuttcs (fifty) and the number involving the upper ex- 
tiemities (seven). In eighteen cases the symptoms followed a severe mjiny. Bac- 
tei lologieal study of synovial fluid is indicated befoie suigeiy, since in cases show mg posi- 
tive (ultuies failuie of fusion lesulted . — Iluschd Penn, M.D., Knoxville, Tennessee. 

Treataienu or Muscular Dasirophies and Allied Conditions. Preliaiinary Re- 
port on Use of Vitamin E (Wheat Germ Oil). Simon Stone. The Journal 
of the Amencan Medical Association, CXIV, 21S7, June I, 1910. 

Stone lepoits the lesults of vitamin-E theiapy in a gioup of seven cases (five of 
museulai dystiophy, one of muscle atiophy following anteiior poliomyelitis, and one of 
muscle atiophy following multiple lieuutis) tieated in the Cnppled Childien’s Clinics of 
the State of New' Hampshne. The duiation of ticatment and obseivation langed fiom 
eight to eighteen months. At piesent the wheat-geim oil is administeied in a mixtuie 
with liquid vitamin-B complex'. Each giani of the oil is stanciatch/ed to contain two 
Evans Bun units of vitamin E and the usual dose is four cubic ceiituneteis fiom thiee 
to foui times daily of one to seven paits suspension of wheat-geim oil in vitanun-B 
mixtuie. 

Definite impiovement evas obtained m all the cases of dystiophy as evidenced by 
gam in muscle stiengtli and displacement of dystioplnc musculatuie by noimally con- 
ti acting muscle tissue. 

In the cases of muscle atiophy follow ing involvement of the nei vous system, mciease 
in amount of legeneiation of muscle tissue became appaient aftei the addition of vitamin 
E to the vitamin-B complex the patients were leceiving. 

The addition of vitamin-B complex to vitamin E appealed to mciease the tlieia- 
peutic efficaciousness of the lattei . — Biandon Cauell, M.D., Dallas, Texas. 


Phalangization of the First Metacarpal and Anatomical Reasons for the 
Author’s Method. B. A. Shnokov. Khuurgiya, No. 7, 115, 1939. 

Recognizing the usual difficulties which follow operations to mobilize the fiist 
metacaipal foi substitution of a lost thumb, the author desenbes his method which is a 
modification of Albiecht’s operation. 
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The author’s operation is devised to increase the deptli of the intermetacarpal space 
between the first and second metaearpals, to increase the distance between the heads of 
the first and second metacarpal, and to increase the mobility of the newly created thumb 
substitute. 

The operation consists in the excision of the abductor pollicis brevis, opponens, and 
superficial head of the flexor pollicis brevis, as well as the transverse head of the adductor 
and the first dorsal interosseous. The proximal end of the pollicis longus is transplanted 
to the ulnar side of the head of the first metacarpal, or, in case of absence of the head, into 
the ulnar sesamoid. The redundant skin is removed and a plastic restitution of the re- 
maining skin is performed to cover the mobilized first metacarpal. — Emanuel B. Kaplan, 
M.D., New York, N. Y. 


Anaerobic Infections in the Wounded during the Battles around Lake Khasan. 

M. Akhoutine. Khirurgiya, No. 9, 3, 1939. 

The battles of Lake Khasan took place in a swampy region, where there are no 
gardens or fertilized fields; where the population is very thin and there is no pollution; 
and where the soil could be called virgin. In spite of these facts, the anaerobic infection 
appeared from the first days of action. There were two periods of military activity. 
In the first, due to military circumstances, the wounded were removed with a delay of 
two to three days; these men showed an incidence of infection of 75 per cent. In the 
second period, the wounded were brought in within three to six hours after injury, 
and were submitted immediately to operative treatment, and, in certain instances, to 
injections of prophylactic gas-bacillus serum. Among the few cases, where the prophy- 
lactic serum was injected, the author observed rare cases of typical gas-bacillus infection. 
The author admits, however, that the number of patients treated by prophylactic serum 
is so small that no positive statements could be made on this point. His personal impres- 
sion is that the basic prophylactic management of gas bacillus is a prompt and technically 
correct, primary surgical treatment of the wound. The author notes that of all the 
wounded, gas bacillus developed in about 80 per cent, of those with wounds of the 
lower extremity. It was absent in wounds of the head, face, and chest. It was most 
frequently observed in the explosive type of wounds. The incubation period was very 
short, eight to eighteen hours, mortality 16 per cent. The curative effect of the gas- 
bacillus serum was very insignificant, the surgical and general treatment proving of 
greater importance. 

Remarkable results were obtained in the prevention of tetanus infections. There 
was not a single case of tetanus. This was due to the prophylactic injections of tetanus 
antitoxin, which were given to the army in the fall of 1937 and the spring of 1938. — 

Emanuel B. Kaplan, M.D., New York, N. Y. 


Contribution to the Problem of the Biological Treatment of Fractures. S. I. 

Rizvach. Khirurgiya, No. 10, 96, 1939. 

The author studied the healing of fractures treated by injections of a suspension of 
bone marrow into the site of the fracture. The bone marrow was obtained under 
aseptic conditions from the lower extremities of rabbits and from the long bones of freshly 
killed calves. The bone marrow was triturated with physiological salt solution with 
the addition of .25 per cent, of phenol. The suspension was injected into the site of 
experimentally produced closed and open fractures of the lower extremities of rabbits. 
The rabbits were divided into two groups. One group received the rabbit bone-marrow 
suspension, the other, the calf bone-marrow suspension. In each group several animals 
were left as controls with immobilization only, and several were treated by injections of 
physiological salt solution. Several roentgenographie examinations amplified by histo- 
logical investigations proved to the author that the bone-marrow suspension produces a 
marked multiplication of bone cells and acts as a powerful specific agent inducing a speed- 
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ing up of callus formation with increased density and size of the callus. — Emanuel B. 
Kaplan, M.D., New York, N. Y. 


Contribution' to the Problem oe Treatment of Fractures oe the Femur. J. M. 

Bass. Khirurgiya, Xo. 11, 121, 1939. 

The material on which the report is based consists of sixty cases of closed fractures of 
the femur treated in one institution for a period of seven years. The author comes to 
the following conclusions: The treatment must follow the functional method, using skele- 
tal traction for twenty to twenty-five days as a minimum. In old people fractures with 
joint involvement should be treated by skeletal traction followed by skin traction. Indi- 
cations for osteosynthesis should be strictly analyzed, and osteosynthesis should be 
avoided as much as possible. In cases of recent malunion with six to eight centimeters of 
shortening (not older than six months) a closed refracture followed by traction may be 
substituted for the traumatic and rather dangerous operation of osteosynthesis. — 

Emanuel B. Kaplan, M.D., New York, N. Y. 


Clinical Observations on Filling Infected Bone Cavities with Glutin (Car- 
penters’ Bone Clue). L. Shkolnikov. Khirurgiya, X T o. 12, 92, 1939. 

The treatment of bone cavities is difficult. The rigid walls of the bone have no 
tendency to contract as do the soft tissue cavities. The filling of the bone cavities is, 
therefore, important. The author reviews the various substances proposed for this 
procedure, and critically analyzes the disadvantages connected with their use. The 
author indicates the important factors to be considered in the choice of an adequate ma- 
te! lal as follows: good plasticity, good resorptivc properties, ability to stimulate regenera- 
tion of surrounding tissues, absence of toxicity, biological nearness to the tissues of the 
recipient, absence of marked irritability to surrounding tissues, ease of sterilization, and 
ac i liability of an inexpensive product. 

Although no ideal substance could be proposed, the best material for filling was 
found to be bone glutin (carpenters’ glue). 

Successful preliminary animal experimentations were performed, and then this 
substance was used in twenty-six clinical cases, of which eighteen cases were chronic 
osteomyelitis and eight Brodie’s abscess. The operation consisted in saucerization, and 
filling of the cavity with 33 per cent, of bone glutin, followed by suture of the wound 
and application of plaster-of-Paris immobilization. 

The author claims primary union of bone in seventeen cases, and a much shortened 
period of hospitalization. — Emanuel B. Kaplan, M.D., New York, N. Y. 


Fractures of Neck of the Femur and Convulsion Therapy. William Gissane, 

Donald Blair, and B. Iv. Rank. The Lancet, I, 450, March 9, 1940. 

The authors point out that although much has been written about fractures of the 
vertebral bodies in treatment with eardiazol (convulsion therapy), little attention has 
been paid to injuries in and around the hip joint. They found thirty reported cases of 
fracture of the neck of the femur in patients treated with convulsion therapy, in seven of 
which the fractures were bilateral. They report four cases, and advance the theory that 
fracture of the neck of the femur happens almost exclusively in bone that is atrophied 
from disuse or age. The average age of their four schizophrenic patients who sustained 
such fractures was forty-one. All had had prolonged institutional treatment for mental 
diseases, — nineteen, twenty-one, three, and three and one-half years respectively. I hey 
conclude: (1) Convulsion therapy should not be used in elderly patients, or in those who 
have had prolonged periods of inactivity; (2) After convulsion therapy the skeleta 
system should be examined as a routine, and roentgeuographic examinations made if in- 
dicated; (3) Once a fracture has been diagnosed, the usual treatment for such fractuies 
should be given. — Lenox D. Baker, Durham, North Carolina. 
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Traumatic Backache. Norman Little. The Medical Journal of Australia, II, 755, 

1939. 

Traumatic backache in patients is a constant worry to the average physician, be- 
cause, in the majority of cases, the examiner is unable to find any external evidence of 
the condition. Following injury, the patient generally assumes a position of slight flexion 
of the lumbar spine with some rotation. A few days later he usually states that pain 
develops if he remains in one position for any length of time, but is relieved upon his 
changing position. 

In addition to performing the usual back examination, the author emphasizes the 
head-flexion test, the knee-flexion test, and Gaenslen’s test. The head-flexion test is done 
with the patient lying supine; the examiner places one hand beneath the occiput and lifts 
the patient’s head, so that the chin approximates the sternum. The patient is completely 
relaxed, as the motion is entirely passive. If there is any bone lesion above the level of 
the sacrum, the patient will feel localized pain. The knee-flexion test is done with the 
patient prone and the leg flexed on the thigh. This test determines the genuineness of 
the symptoms, as rarely is this test negative if actual back injury is present. 

Treatment in most cases consists simply in spinal manipulation under anaesthesia. 
The average disability in a series of 200 patients treated by manipulation was between 
four and five days. Before this method of treatment was instituted, the average period 
of disability was slightly over five weeks. In some eases support is given by appropriate 
adhesive strapping of the low back. 

The author has appended a series of fourteen spinal manipulations by which he 
routinely treats low-back pain due to trauma. — Harold M. Childress, M.D., Jamestown, 
New York. 


Some Observations on t Sciatica. Norman Little. The Medical Journal of Australia, 

II, 901, 1939. 

Primary sciatica, in contrast to secondary sciatica, has a sudden onset of pain with 
paralysis occurring at the same time or shortly afterward. Local treatment consists in 
appropriate splinting and heat to the affected areas. Great relief from pain may be 
obtained from epidural injection of sixty cubic centimeters of 1-per-cent, novocain solu- 
tion into the sacral canal. In late cases the nerve should be stretched with the patient 
under general anaesthesia. One should wait at least three months after an acute attack 
before manipulating, in order to avoid the formation of adhesions. 

In treating secondary sciatica, many factors are involved. Often the physician, 
without knowing the actual etiology, treats and relieves the patient. The author classi- 
fies the etiological factors as static, arthritic, traumatic, osseous, nervous, and pelvic. 
If roentgenograms reveal no bone pathology, conservative treatment is employed first. 
This consists in removing foci of infection, correcting static errors, manipulating the 
spine as indicated, and administering massive doses of vitamin Bj. A plaster jacket is 
used, if complete rest of the low-back muscles is desired. 

If arthritis is present and progressive immobilization is essential, in traumatic cases 
dramatic results may be obtained from manipulations without anaesthesia. — Harold M. 
Childress, M.D., Jamestown, New York. 


The Problem of the Foot with Special Reference to the Care of the Soldier’s 

Foot. S. Watson Smith. Medical Press and Circular, CCII, HO, Nov. 15, 1939. 

The author discusses several of the more common pathological factors contributing 
to foot pain. He notes that 90 per cent, of the soldiers in the Great War were 
partially flatfooted. 

He emphasizes that the following things are important in foot care for a soldier: 
The shoe should be large enough to allow proper broadening of the foot. A rubber heel 
should be on the shoe. The toenails should have adequate care and an antiseptic 
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powder should be sprinkled in the shoe. Hardening a soldier’s foot may be done by a 
salve containing one drachm of formalin to the ounce of vaseline. Frequent change of 
socks is likewise a necessity. Adherence to these rules of foot care will increase the 
military efficiency of the army. — Herbert E. Hipps, M.D., Marlin, Texas. 


Lipiodol versus Air as an Aid in Diagnosis of Protrusion of Intervertebral 

Disc. S. N. Bercns. Northwest Medicine, XXXIX, 100, May 1040. 

The use of lipiodol in intraspinal injection has the advantage of rendering greater 
clearness of detail in the roentgenograms, but can be used only when operation is impend- 
ing, as it must be fully removed as soon as possible. Gases may be used in making a diag- 
nosis of hernia of the nucleus pulposus, or protrusion of the intervertebral discs. In such 
cases, overexposure at a rapid speed must be employed, or the use of a rotating anode tube 
at 300 milliamperes for one-half second. The author believes that oxygen intraspinal 
injection is best for diagnostic purposes. — Charles Lyle Ilawk, M.D., Los Angeles, Cali- 
fornia. 


Vitallium in Internal Fixation in Bone Surgery. J. Irving Tuell. Northwest 

Medicine, XXXIX, 103, May 1910. 

The author finds that the use of this alloy, which consists of 05 per cent, cobalt, 
30 per cent, chromium and 5 per cent, molybdenum, in plates, screws, etc., does 
not cause any irritation or absorption of bone; and may be left in indefinitely. 
There are no contra-indications to its use in recent or old ununited fractures, and he il- 
lustrates cases where reconstruction of malformations of old ununited fractures have 
yielded very good results through the use of vitallium plates. — Charles Lyle Hawk, M.D., 
Los Angeles, California. 


Diagnosis and Treatment of Acute Osteomyelitis. John F. LeCocq, Northwest 
Medicine, XXXIX, 171, May 1940. 

In his discussion the author emphasizes the tendency of the bacteria to lodge in the 
venous channels next the epiphyseal lines, where the phagocytosis is least active. He 
has found that the use of neoarsphenamine is excellent in combatting the staphylococcic 
septicaemia. His dosage is the equivalent of 0.45 grams for the average adult. He sug- 
gests also the use of sulfamethylthiazol as being very promising. — Charles Lyle Hawk, 
M.D., Los Angeles, California. 


Les maladies des ligatures. Moyens de les prevenir E r r de les TH.UTER (Affec- 
tions following Ligature, with Methods of Prevention and Treatment). Rene 
Leriche. La Pressc Midicalc, XLVIII, 41, Jan. 10, 1940. 

In a truly stimulating article, Leriche calls attention to the effects of ligature of the 
larger arterial trunks. These effects are accomplished, not only through a mechanical 
shutting off of the blood stream, but, in large additional measure, by the action of a 
vasoconstrieting reflex. 

The anatomical basis for the action is found in the disposition of the sympathetic 
nerves lying in the arterial wall and particularly about the site of origin of collateral ar- 
teries. As early as 1917 Leriche showed that where an artery was ligated or thrombose 
and where, in consequence, the extremity was cold and cyanotic, resection of the ob i 
erated segment sufficed to bring about restoration of circulation. In Leriche’s opinion 
this was accomplished by release of the vasomotor spasm and a dilatation of the coliatei.i 
arterial branches. He has been able to show that where all the collaterals have not beta 
destroyed, this was brought about by a reversal of blood flow in those collaterals a uc 1 
arise distal to the site of the arterial section. 

Many of these collaterals constitute the muscular branches of distribution o e 
larger artery. Leriche calls attention to the fact that in debriding lacerated woun s, e 
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problem consists in estimating just how much to resect in order to prevent infection and 
how much to spare in order to avoid gangrene. Provided sufficient collaterals remain, 
their function can be preserved by release of the sympathetic spasm. This can be 
brought about by section of the ligatured vessel, by periarterial sympathectomy, by re- 
section of the sympathetic ganglia, or by novocain infiltration of the main sympathetic 
ganglia. This novocainization must be repeated as often as necessary, until the col- 
lateral circulation is reestablished. 

However, even though gangrene may be avoided by these means, and circulation 
sufficient to maintain nutrition of the resting tissue be obtained, the blood supply may 
not be adequate for muscular action. In such cases, gradual sclerosis of the tissues may 
occur, even long after the immediate vascular accident. Intermittent claudication, 
cyanosis of the limbs, trophic changes, and even muscular weakness and imbalance, are, 
in Leriche’s opinion, the consequence of the disturbed vasomotor control, following the 
original ligation. Theoretically, ideal treatment would involve suture of the injured 
vessel. Since this is unsuccessful in a majority of cases, ligation must be performed, pro- 
vided the means previously mentioned are employed as a prophylaxis against the ill ef- 
fects of the sympathetic vasoconstrictor reflex . — Henry Milch, M.D., New York, N. Y. 

Les arthrites des filarioses (Filarial Arthritis). L. Dejou. La Presse Medicale, 
XL VIII, 203, Feb. 14, 1940. 

Filarial arthritis occurs in two forms: dracunculosis and onchocercosis. The clinical 
picture of each of these infestations is clearly described. Each is due to a specific filaria, 
which can be recovered from the aspirated synovial fluid. In the aseptic cases of dra- 
cunculosis, these arthritides are painless, and bacteriological examination of the fluid is 
the only means of diagnosis. In the eases of onchocercosis, the clinical picture is usually 
more acute. 

Unless secondary pyogenic infection takes place, the prognosis is usually good. The 
treatment consists in repeated aspirations. Where septic infection occurs, the treatment 
is similar to that for ordinary septic arthritis . — Henry Milch, M.D., New York, N. Y. 

Reflexions preparatoires a des recherches experimentales sur le h6le du 
sympathique en pathologie articulaire (The Role of the Sympathetics in 
Articular Pathology). S. de Seze, G. Guiot, and J. Serane. La Presse Midicale, 
XLVIII, 233, Feb. 28, 1940. 

The authors subjected the splanchnic nerve to faradization. They observed that 
weak currents applied for a short time resulted in a mild endothelial swelling, hyperplasia 
of the reticulo-endothelial cells, and multiplication of fibrocytes. A more intense elec- 
tric current led to a more marked vascular congestion and small petechial hemorrhages. 
Strong currents, applied for a longer time, produced oedema, congestion, hemorrhages 
and, microscopically, necrotic changes in lymphoid structures and the vessel walls. 

Attention is called to the fact that these are the changes noted in connective tissues 
and characterize the pathological changes found in Still-Chauffard disease, the spleno- 
megalic arthropathies, and in the joint manifestations of patients showing anaphylactic 
shock. The authors suggest that these, too, represent the effect of stimulation of the 
sympathetic nervous system. They are of the opinion that the joint is a connective- 
tissue space and that the signs of joint dysfunction are to be considered as due to a dis- 
turbance of the dynamic and trophic influence of the sympathetic nerves upon the re- 
ticulo-endothelial tissue of the joint . — Henry Milch, M.D., New York, N. Y. 

SoBRE AS ANOMALIAS E LESOES DOS SESAMOIDES DO GRANDE ARTELHO (Oil the Anomalies 

and Lesions of the Sesamoids of the Big Toe). Achilles de Araujo. Revista Bra- 
sileira de Orthopedia e Traumatologia, I, 203, Mar. 1940. 

The author made an extensive study of the problem. The knowledge of lesions of 
the sesamoids dates from the discovery of roentgenography. In the pre-roentgeno- 
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graphic era various fantastic and mystic properties were ascribed to tiie sesamoids. The 
bibliography concerning the sesamoids, at present considerable, began to grow only since 
the time of Stieda. The author cites various statistical data concerning the incidence of 
sesamoid anomalies. In his own series of 29G roentgenograms, the incidence of anomalies 
is 4 per cent. A classification of the anomalies is given. In order of frequency seven 
types arc described. Attention is called to the difficulties of differential diagnosis of 
various lesions of the sesamoids in comparison with sesamoid anomalies accompanied by 
pain in the metatarsophalangeal region of the big toe. A general survey of literature in- 
dicates that fractures of the sesamoids are very rare. In his own series of fractures and 
luxations, the author had seven cases; of these six were confined to the medial sesamoid 
(five affecting this sesamoid only and one associated with a fracture of the lateral sesa- 
moid), and one was an isolated fracture of the lateral sesamoid. The right foot was more 
frequently involved than the left. The age ranges between 20 and 30 years. Direct 
injury is responsible for the fracture in eighty per cent, of cases. The indirect mechan- 
ism is hyperextension of the big toe with unopposed and rapid contraction of the short 
flexor, abductor and adductor of the toe, and is similar to the mechanism of fracture of 
the patella. The treatment is mostly conservative. In cases of protracted pain, ex- 
tirpation of the sesamoid is indicated. In the author's series two cases were operated 
upon by this method and gave unexpected and early relief of pain. The author calls at- 
tention to medicolegal difficulties frequently presented in connection with affections of 
the sesamoids . — Emanuel B. Kaplan , M.I)., New York, N. F. 


Osteopetrosis ex el teriutohio de la Pamp.v (Osteosclerosis in the Pampa Territory). 

N. Capizzano, J. Valotta y F. It. Megy. La Rerisla tie Medicina y Cicadas Afncs, 

Jan. 30, 1940. 

This is a very interesting paper on the subject of osteosclerosis due to the ingestion 
of fluorine, which has a rather high incidence in several areas in central Argentina. The 
flourine content of the water which produces the disease is usually 1.50 milligrams per 
thousand. The percentage of the population showing symptoms of the disease is approx- 
imately 9.09 in the areas described. The authors report some experimental work 
in which rabbits were given flourine salt over a considerable period of time. The 
animals showed a generalized weakness and wasting associated with changes in the bones, 
teeth, endocrine glands, and particularly in the blood. The giving of larger doses ex- 
perimentally produced acute symptoms which were much more severe than those usually 
seen clinically. The clinical picture, which varies according to the amount ingested 
and the stage of the disease, is described in detail. There can be a good deal of bone 
change with little or no clinical manifestations. The symptoms of chronic flourine in- 
toxication include generalized wasting and loss of weight, aching pains in the bones and 
joints, and particularly the marked changes in the teeth which are more familiar. In the 
article a large number of roentgenograms are reproduced which show very marked osteo- 
sclerosis. This process is particularly marked in the pelvis, spine, and ribs. There is 
little change in the long bones, but the upper half of the femur often shows the osteoscle- 
rosis to a marked extent. The authors call attention to the fact that, in a usual clinical 
case, such a marked osteosclerosis as is shown in their roentgenograms is the result of 
many years’ duration of the disease . — Louis IF. Breck, M.D., El Paso, Texas. 


La deviation congenitale des doigts "en coup de vent” [Congenital Deviation of 
the Fingers “en coup de vent” (as if produced by a gust of wind)]. M. Boppe and 
P. Faugeron. Revue d'Orlhopetlie et de Chirurgie de V Appareil Moteur, XXVI, 547, 
Sept. 1939. 

A case of a rare congenital deviation of the fingers is reported. The four fingers 
of each hand are deviated toward the ulnar side of the hand. They are flexed at the 
metacarpophalangeal joints and extended at the distal and proximal interphalangeal 
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joints. This type is found very seldom as a congenital deformity and has been reported 
by only four other authors since it was first described by Boix in 1897. A description of 
the hypotheses of deviation is given. The authors attempted to correct the deformity 
by severing the collateral ligaments of the metacarpophalangeal joints and performing a 
capsulotomy of these joints, and by additional cutting of the palmar aponeurosis and the 
intcrossei. Although the immediate result was satisfactory, the ultimate outcome was 
considered a failure. The authors conclude that the results of operative intervention are 
very instructive, as they show that in older patients the process involves all the soft 
structures, as well as the bones and joints of the hand, making surgical intervention use- 
less. However, in very young children, the process involves only the soft tissues of the 
hand and the reconstruction of a more normal hand may result from operation on the soft 
tissue. — Emanuel B. Kaplan, M.D., New York, N. Y. 


La synostose vertebrale posttetanique chez l’adulte (Posttetanic Vertebral 
Synostcosis in the Adult). V. Climesco, P. Sarbu, and St. Roman. Revue d’Ortho- 
pedie el de Chirurgie de VAppareil Moleur, XXVI, 558, Sept. 1939. 

A case of severe dorsolumbar kyphosis which followed an attack of tetanus is de- 
scribed by the authors. The case is unique in that a complete synosteosis of the anterior 
parts of the bodies of the ninth, tenth, eleventh, and twelth vertebrae was found. A re- 
view of literature is given and several explanations of the production of this pathological 
entity are cited. The authors consider that in their case the synosteosis of the vertebrae 
was the result of a mechanical action produced by tetanic contractures which induced a 
partial atrophy of the intervertebral discs and a subsequent fusion of the segments of the 
vertebral bodies which were in direct contact. The action of the toxins, either direct or 
indirect, is considered of secondary importance. — Emanuel B. Kaplan, M.D., New York, 
N. Y. 


La sciatique dite banale, essentielle oo rhumatismale et le disque lombo-sacre 
(Sciatica, True or Arthritic, and the Lumbosacral Disc). S. de Seze. Revue du 
Rhumalisme, VI, 986, 1939. 

De Seze reviews the various theories of essential sciatica: arthritis, injury to the 
sacro-iliac joint, changes in the posterior intervertebral articulation, injury with displace- 
ment of the intervertebral disc. The thesis is well defended that essential sciatica is 
commonly the result of a posterior displacement of the contents of the intervertebral 
discs, particularly those between the fourth and fifth lumbar vertebrae and at the lumbo- 
sacral joint. He shows first by anatomical data that this lesion can cause sciatica. This 
type of lesion can explain the usual history of the development of sciatica. It can ac- 
count for all of the symptoms observed. The roentgenographic facts, usually with nega- 
tive findings in the bones, fit this explanation of sciatica. Laboratory data obtained by 
lumbar puncture suggests a lesion of this type. This theory permits an explanation of 
the diverse evolution of sciatica. The lesion can be demonstrated at operation and cure 
follows the removal of pressure upon the nerve roots. No case reports of clinical data 
are given. — John G. Kuhns, M.D., Boston, Massachusetts. 


Carence allmentairs et rhu.matisme chronique (Dietary Deficiency and Chronic 
Rheumatism). Georges Mouriquand. Revue du Rhumalisme, VII, 107, 1940. 
Mouriquand reports studies upon the relation of lack of vitamin C to chronic arthritis, 
which he has been pursuing since 1914. He differentiates between an acute lack of vita- 
min C and a chronic lack. These observations are made of the results of a chronic lack 
of vitamin C: After the acute state is past, if the patient lives, there is a gradual mobiliza- 
tion and deposition of calcium to the periphery of the bone and to the periosteal tissues 
(a condition called by Leriche and Policard a peripheralization of calcium). After 150 
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to 200 days the condition seems to remain stationary. Decalcifieation takes place at 
the same time in certain parts of the bone, particularly the femoral head. During this 
time there are no physical signs or symptoms. After about 200 days osteophytes can be 
seen in roentgenograms which the author considers periosteal lesions. In the more pro- 
nounced changes there was no evidence of repair following the giving of vitamins. — John 
G. Kuhns, M.D., Boston, Massachusetts. 


Fractures and Necrosis oe the Semilunar Bone and Their Importance in In- 
surance Practice. Miroslav Jaros. Slovunsky Sbornll: Ortopedicky, XIV, No. 3, 
1939. 

The series reported by the author embraces seven fractures of the semilunar, 
twenty cases of semilunar necrosis, and two cases of Kohler’s disease of the semilunar 
bone. The primary bone necrosis is due to causes in the form of lesser or greater in- 
juries to the trabeculae and the trabecular vessels. This idea is confirmed by the 
typical localization of the primary necrosis in places corresponding to the mechanical 
stresses. The author points to the lunatum necrosis which comes from working with 
compressed-air tools and also indicates that the general disposition, constitution, and 
avitaminosis, play a role in this condition. It is necessary to distinguish between semi- 
lunar bone fractures and semilunar necrosis. The latter often shows no symptoms and 
remains latent, but occasionally it becomes activated. In men who work with com- 
pressed-air tools the semilunar necrosis is an occupational condition with a functional 
loss of ten to twenty per cent, or even as high as thirty per cent. — .-1. Slcimller, M.D., 
Ioica City, Iowa. 


Parathyroid Osteosis. Report of a Severe Case with Successful Removal op a 

Large Parathyroid Tumor. James Vance, Jacob Rodge, and Louis W. Brock. 

Soidhem Medical Journal, XXXIII, 12S, Feb. 1910. 

Classification, pathology, symptoms, and treatment of parathyroid osteosis are 
discussed. There is a case report of a woman forty-seven years of age with a large 
parathyroid tumor. There were marked bone changes in both hips, and both femora 
were fractured. A large tumor one and one-half by one and one-fourth by one and 
one-fourth inches was removed successfully. Tetany developed. Large doses of 
intravenous calcium gluconate were given, and parathyroid hormone. After five 
months, fractures were uniting and bones recalcifying. — Fred G. Hodgson, M.D., Atlanta, 
Georgia. 


A Study of Acute Infectious Lesions of the Intervertebral Disks. Ralph K. 

Ghormley, William H. Bickel, and Douglas D. Dickson. Southern Medical Journal, 

XXXIII, 347, Apr. 1940. 

Cases have been reported following typhoid fever, streptococcus viridans blood- 
stream infections, osteomyelitis, pyogenic infections, and trauma. Symptoms: Fever 
may or may not be noted; pain in the spine; limitation of motion; and muscle spasm. 

X-ray findings may be negative in the early stages, but later there is a narrowing of 
the intervertebral space, later proliferation of new bone along the margins of the verte- 
brae, and finally bone fusion may result. Brucella infections may cause a similar 
condition. Prognosis is usually good, but some mild symptoms may persist for a 
long time. 

Treatment of the general condition is required, plus a close-fitting plaster jacket m 
mild hyperextension. This may be followed by a back brace or corset until the symp- 
toms subside. Spinal fusion is seldom indicated. — Fred G. Hodgson, M.D., Atlanta, 
Georgia. 
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Injuries About tiie Carpometacarpal Joint of the Thumb. Ben L. Schoolfield. 
Southern Medical Journal, XXXIII, 354. Apr. 1940. 

Posterior dislocation of this joint occurs after blows with the fist and such rough 
games as football and basketball. Persistent relaxation of the joint with pain and 
disability may result. 

Adequate and early immobilization in a cast is advised. For cases in which disabil- 
ity persists a surgical operation for shortening the dorsal ligament is described and il- 
lustrated. — Fred G. Hodgson, M.D., Atlanta , Georgia. 


The Local Implantation of Sulfanilamide in Compound Fractures. J. Albert 

Key and Thomas H. Burford — Southern Medical Journal, XXXIII, 449, May 1940. 

Various authors have reported the fact that sulfanilamide crystals placed in the 
wound of a compound fracture after debridement has greatly reduced the percentage of 
infections. The authors decided to see if the method of treatment delayed the healing 
of fractures in experimental animals. Fifteen rabbits were used. Symmetrical frac- 
tures were produced in both forelegs. The fractures in the right legs were packed with 
crystals of sulfanilamide, those in the left were not. The time of union, X-ray appear- 
ance, and microscopic sections showed that the sulfanilamide did not have any bad 
effects. Similar experiments were carried on in twelve fractures in dogs. Conclusions 
were that local implantation of sulfanilamide crystals in compound fractures not only 
tends to lessen the danger of infection, but does not perceptibly interfere with union of 
the soft parts of the bone. The wound must be cleaned and debrided in the usual care- 
ful way, preferably within twelve hours of the injury. The wound is then sprinkled 
with the crystals and closed. Of course the fracture is reduced and fixation maintained. 
If there is a large wound that cannot be closed the treatment is the same except that the 
open wound is covered with vaseline gauze and a plaster cast applied. This method has 
not been used in clean surgical operations, but if there is any reason to expect a possible 
contamination of the wound it would probably be good treatment to use the sulfanil- 
amide crystals. — Fred G. Hodgson, M.D., Atlanta, Georgia. 


The Use of the Well-Leg Splint in Treatment of Intertrochanteric Fractures 

of the Femur. W. C. Hunsucker and Douglas Jennings. Southern Medicine and 

Surgery, CII, 239, May 1940. 

In the experience of the authors in a small community hospital, intertrochanteric 
fractures are eight times more common than intracapsular fractures. 

The similarity of these fractures to the latter group in age, production of shock, and 
necessity for treatment are discussed. The various methods of treatment are described, 
and a description and discussion of the well-leg traction device is given. The dangers to 
note, and the postreduction care necessary in the patient’s immediate recovery period, 
are discussed. 

No ill effects were noted from immobilization of knee and ankle on either side. The 
patients may usually have the splint and plaster removed in eight weeks and by the end 
of the twelfth week may be allowed crutches. Normal walking is allowed by the six- 
teenth week. 

In three years sixteen patients were treated by this method with uniformly good 
results. — Herbert E. Hipps, M.D., Marlin, Texas. 


Rehabilitation of Congenital Spastic Paralysis (Little’s Disease). Wilfred 
C. Curphey. Southwestern Medicine, XXIV, 94, Mar. 1940. 

Cerebral palsy is defined as an upper-motor-neuron lesion, affecting the cerebral 
motor centers, due to injury or disease. The classification of Phelps is quoted, and an 
explanation of the patient’s behavior mechanism is made. It is estimated that there 
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aie fiom foity to fifty spastics pci 100,000 population Seventy pei cent of these can be 
impioved, 7 01 S pei cent, can be benefited by suigery; while 20 per cent, can be le- 
habilvtated to occupy l datively noimal places m the woild. Less than 25 pei cent aie 
mentally deficient. Pusitz estimates that fiom 25 to 50 pei cent, aie of aveiage intelli- 
gence. fiom 5 to 10 pei cent aie abnoimally blight, and 10 pet cent or less aie idiots or 
moions. 

In the tieatment, hospitalisation is fiist necessaiy foi study. Physiotherapy is the 
all-impoitant method of tieatment, and the fiist punciple depends natuially on what the 
examination leveals Sometimes iclaxation is fiist in linpoi tance, and sometimes this is 
combined with equihbiation. Aids to teaching iclaxation aie sedatives and warm baths, 
but these should not be l died on to the extent that the patient will become dependent on 
them Tieatment of the cxtiemitics should begin w ith the pioximal joints and gradually 
extend to the moie distal joints Long periods of tune aie usually necessaiy, five years 
oidinanly being the minimum Suigieal indications aie never immediate. They should 
never be lesoited to until a piehmmaiy petiod of tunning has been tiled Among the 
suigieal proceduies that aie used, tenotomy is condemned, as the lesult is mepaiable; 
tendon lengthening seldom pioduces peimanent impiovement. Novocain injection of 
neive tiunks is of value to deciease tempoianly function in ecitain muscles foi study of 
the patient’s leaetions. Alcohol injection of nerve tiunks and the Stoffel opeiation are 
valuable aids to tieatment. — Herbal E. Hippi ,, M.D., Marlin, Texas. 


Tuberculosis or a he Spine M. G. Rosenbaum. Southwestern Medicine, XXIV, 
123, Api 1910 

Veitebial tubeiculosis is essentially a disease of childhood. It often occuis where 
theie is a familial lnstoiy of tubeiculosis. The lowei thoiacie and upper lumbar legions 
aie most often involved. Moie than one lesion may be piesent. The infection most 
often dcstioys the veitebial body, and collapse occuis. Natuie tues to heal this piocesS 
b\ fibious and then osseous fusion. The usual antitubeieulous measuies — good diet, 
impioved hygiene, fiesh an, sunshine, and immobilization of the spine — aie in order. 
Recumbency in bed, plastei , oi a eui ved flame secui es this immobilization A minimum 
penod of two yeais is always necessaiy befoie the patient can be pei nutted up The 
ciitena foi peunitting ambulation aie: (1) fieedom fiom pain and local tenderness, 
(2) good geneial condition; (3) no mcieasc m kyphosis; (4) noimal tempeiutuie, (5) 
gain in weight, and (6) healing as shown toentgenogiaphically. 

Opeiative fusion of the spine is favoied as the best means of conti oiling defoinuty 
and pei nutting quicker and moie peimanent healing Following opeiation, the patient 
should be kept lecumbent foi six months. 

An analysis of the lesults of 100 eases studied at the Cnppled Clnldien’s Hospital in 
Iowm City is piesented These lesults buefly aie as follows: 94 pei cent of the attempted 
fusions weie successful, the Iiibbs, Albee, and othei modifications weie equally success- 
ful In 96 pei cent the defoinuty was deci eased or its pi ogress was stopped Paialysis 
was relieved oi its piogiess was anested in 76 pei cent, of the cases following fusion. I' 1 
89 pei cent of cases in which theie was abscess foimation oi a sinus, healing occuiied 
The age of the patient does not seem to influence the good lesults of fusion 1‘usion 
does lesult in shoitenmg the time of lecumbency. It should be done only when the pa- 
tient’s geneial condition will pei nut it. If a patient is piogiessively getting wuise, 
fusion is conti a-indicated When Ins geneial condition lemams at a constant level oi 
w'hen he is lmpioving is the best possible time foi doing the fusion. — Herbert E Hipp s > 
M.D , Mai tin, Texas. 


Spinal Injuries with Nerve D image Ralph M. Stuck Southwestern Medicine , 
XXIV, 157, May 1940 

The vital impol tance of propel intelligent fiist aid on any spinal oi ceivical injurj 
emphasized Hy pei extension of the spine wheie there is an mjuiy to the thoiacie or 
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lumbar region, and gentle traction on a cervical spine injury is the proper way to handle 
and transport these patients. 

An immediate estimate of the severity and location of the level of the spinal lesions is 
important and may be made on the following observations: 

(1) Ask patient to move hands and feet gently. 

(2) Observe skin area involved in sweating and “gooseflesh”. This will usually 
correspond to the sensory level of the lesion. 

(3) Observe and record the sensory level, reflexes, motor power, and level of pain. 

(4) Pinch great toe. If there is no sensation the spinal cord is probably completely 
severed. 

(5) Note any angulation of spine. 

(6) Examine back of neck for any evidence of forward dislocation of first four 
cervical vertebrae. 

After this preliminary estimate is made and the patient’s shock has been overcome, a 
more complete neurological examination can be made. 

If there is a continual increase in the degree of paralysis, laminectomy is indicated. 
It may also be done as late as a week or more after an injury, if there are evidences of 
compression. 

The type of operation done is discussed and the importance of good postoperative 
care is emphasized. — Herbert E. Hipps, M.D., Marlin, Texas. 


Foreign Body Arthritis. J. Albert Key. Surgery, Gynecology and Obstetrics, LXX, 

897, May 1940. 

The writer describes six cases of arthritis secondary to the presence of a foreign body 
in or in close proximity to the joint. Four of these patients were operated upon, and the 
pathological findings are described. Findings of degenerative arthritis were present in all 
with some variation in degree, possibly due to the duration or type of foreign body. In- 
fective organisms were not found in these cases, although a low-grade chronic infection 
was suspected in two. The obvious conclusion is reached that foreign bodies in or near 
joints should be removed before the degenerative changes are produced. The article is 
well illustrated with roentgenograms; no microphotographs are shown. — Richard Mc- 
Govney, M.D., Santa Barbara, California. 


The Surgical Treatment of Recurrent Dislocation of the Shoulder Joint. 

Svante Orell. Surgery, Gynecology and Obstetrics, LXX, 945, May 1940. 

The writer gives a short resume of surgical methods of preventing recurrent disloca- 
tion, which are based on correction through the bones of the joint; the method of Bank- 
hart, however, is not included. The author presents one case corrected by his own 
method. This consists in making a fissure extracapsularly in the anterior rim of the glen- 
oid with a special osteoperforator and inserting into it a pointed os purum transplant, 
which is allowed to project slightly. Postoperatively, the arm is dressed in adduction 
for two weeks, and then active motion is started. This method gave a stable joint with 
excellent motion in the ease reported. — Richard McGovney, M.D., Santa Barbara, Cali- 
fornia. 


Vitallium Nails in Fractures of the Hip. Charles S. Venable and Walter G. Stuck. 

Surgery, Gynecology and Obstetrics, LXX, 964, May 1940. 

The writers show that any metal alloy which is electrolytic is subject to corrosion 
when placed in bone. Authors are quoted, and photographs of corroded hip nails are 
shown to develop the idea. Vitallium — which is an alloy of cobalt, 65 per cent. : chro- 
mium, 30 per cent. ; and molybdenum, five per cent. — is non-electroly tic and completely 
passive in the tissues. Nails made of vitallium must be cast, but do not loosen in the 
bone or cause formation of sterile fluid about them. The writers note twenty intra- 
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capsular femoial-neek fractures fixed with vitalhum nails; in nineteen of these film bony 
union was obtained without late complications. The one failuio was due to a technical 
fault . — Richaid McGovney, M.D., Santa Ba>bara, California. 


An Operation roa Chronic Dislocation or tug Inkciuou Radio-Ulnar Articula- 
tion. Judson L. Taylor. Terns State Join mil of Medicine, XXXV, 27S, 1939. 
This is an opeiation analogous in principle to that used by Nicola in treatment of 
recuuent dislocation of the shoulder by tiansplautation of the long head of the biceps 
through a hole diillcd in the femoial head. The Intend half of tiie distal four inches of 
tendon of the extensor cm pi ulnaiis is used to pass thiough a hole dulled tluough the 
doisuin of the head of the ulna and is lesutmcd to the other half of the tendon. 

The author iepoi ts one case of chionie dislocation of the infeiior radio-ulnar aiticu- 
lation tieated by this operation with a successful 1 exult. — ./. F. Sher, M.D., Iona City, 
Iona. 


BmuiG zru IIistogungsg m:u Os mb dkioruans Paggc (Contribution to the 
Histogenesis of Paget's Disease). Ilein/. Koops. V it chows Archie fur palhologische 
Anatomic und Physiologic, CCCIV, 397, 1939. 

On the gioundx of mieioxeopie findings the author claims that Paget’s disease 
does not stm t m the lamellae of the bone, but at the bolder of the nianow cavity. The 
fiist change is a piocesx which consists of the inet cased density of the mm row tissue and 
loosening of the endosteum. The beginning of the icxoiption of the cancellous bone 
does not begin until after the above has taken place. The ptocess is followed by the 
disappemanee ol the cells of the manow tissue, caused by latent seious inflammation 
ending m the manow tissue with the formation of fibious manow tissue, and the bony 
lamellae with the formation of so-called mosaic struetuie. — T. J. Gi elation, M.D., Iona 
C it//, Iona 


Hi on vein unq un unnu dig Buziuuuxanx Zwiscuun Rachitis und Tetanic (Ob- 
seivations on the Relationship between Rickets and Tetany). E. Hennig. Zeii- 
sch lift fur Knulei hcilknndc, LXI, 379, 1939. 

One hundied and forty chikhen sulTciing fiom liekets wcie obseivcd in a hospital 
in Beilin fiom 1933 thiough 1937. Calcium and inoiganic phosplioius values were 
detei mined in the blood scium on a fasting stomach. 

The authoi found tliat only twenty-five, or 17.S per cent., of the childien had puie 
lachitie changes. One hundied and fifteen, or S2.1 per cent., of the children had symp- 
toms of tetany together with the uichitic changes. Of the latter gioup, thiity-six, or 
31.3 pei cent., had latent tetanic signs and seventy-nine, orGS.7 percent., had manifest 
tetanic signs. 

In the cases having signs of tetany the blood-seiuin phosplioius was over four 
milligi ams pei 100 cubic centimeteis in 40 per cent, and in the other GO per cent, it w as m 
the lachitie lealm. Some of the childien showed phosplioius values conesponding to 
those seen in putc liekets. 

It is the opinion of the author that tetany is seen as a healing stage of liekets. 

A. E. Blteden, M.D., Iowa City, Iowa. 
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THE TREATMENT OF TUBERCULOSIS OF THE SPINE 


Introduction 

BY A. BRUCE GILD, .M.D., PHILADELPHIA, PENNSYLVANIA, Chairman 

This symposium of papers on the treatment of tuberculosis of the 
spine has been arranged in the hope that certain differences of opinion 
among us as to methods of treatment may lie thoroughly discussed and, 
as far as possible, may be settled. We have asked our speakers to present 
their observations and the end results with patients treated for a period of 
at least five years, although believing that we would obtain a much more 
accurate picture of this disease if we could know the results twenty-five 
years after the onset of symptoms. 

I trust, moreover, that this discussion may serve a far greater and 
more important purpose than to reconcile what, after all, may be but 
minor differences among ourselves. We may be led to seek a better under- 
standing of the nature and the course of this chronic disease, to observe 
and to comprehend its phases, variations, and relations to other conditions 
of the body. We may even come to question whether we, as orthopaedic 
surgeons, are doing all that might be done to aid nature in the cure of 
tuberculosis of the spine. 

We say that tuberculosis of the spine is a local manifestation of a 
general chronic disease. We recognize that the infection is carried to the 
spine through the blood stream from some primary or secondary focus in 
another part of the body. We observe concomitant or subsequent lesions 
elsewhere. But do we comprehend fully the implications of this state- 
ment and understand the vital connection between the local and the 
general condition? We give much attention to the necrosis in the spine. 
Do we give too little attention to the chronic tuberculosis in the body? 

It is true that the foci in soft tissues and in bone may become per- 
manently healed, but it is also true that within twenty years from the onset 
of Pott’s disease many patients die of causes directly attributable to tuber- 
culosis. Some years ago in the study of a small group of cases I found a 
mortality of 35 per cent, during this period. The deaths had been due 
chiefly to pulmonary, miliary, and meningeal tuberculosis. Some pa- 
tients, in the years subsequent to apparent healing of the spine, whether 
treated conservatively or by operation, developed spastic paralysis, renal 
complications or other bone and joint disease. 

Is it not true that in treating tuberculosis, wherever found, we are 
dealing with a very chronic, insidious, and resistant disease, and that the 
ultimate victory or defeat depends greatly on the body’s ability to combat 
and stay this infection? 

So, today, we ask ourselves again, what are the objectives at which 
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wo aim in our treatment of tuberculosis of the spine? Surely they include 
the following: 

1. The relief of pain. 

2. The healing of the spine. 

3. The prevention or the cure of deformity so far as this may be 
compatible with healing. 

4. The prevention and cure of complications. 

5. The prevention of relapse or of recurrence of the disease in the 
spine or elsewhere. 

6. The prolongation of life. 

In connection with these objectives there are many questions which 
we may attempt to answer: 

1. What is the mortality in Pott’s disease, and to what causes is it 
due, either directly or indirectly related to the disease of the spine? 

2. What are the evidences of healing of the spine? Is fusion of the 
vertebral bodies an accurate criterion of permanent cure; and, if this be 
true, is it the only one? 

3. Is the prevention or the correction of deformity compatible with 
healing, and, therefore, desirable? 

In answering this question we must clearly distinguish between two 
types or forms of vertebral necrosis. In the one form, known as the 
epiphyseal variety, the disease begins in the epiphysis beneath the inter- 
vertebral disc and extends into the body. If the adjacent vertebra is 
similarly affected, with disappearance of the disc, there may occur a bony 
fusion of the two vertebrae with but little destruction of the bodies. 
Healing may thus occur with minimal deformity. In the other form, or 
the central variety, there usually occurs a complete destruction of the 
body. If two or more contiguous vertebrae are so destroyed, how can 
there be fusion without marked deformity? 

4. Practically all of us agree that adults should be operated upon 
unless there is some individual contra-indication. We are divided into 
two opposing camps as to the advisability of operating upon young chil- 
dren and particularly upon those who are in the acute or progressive stage 
of the disease. We are in accord that prolonged rest is indicated but in 
discord as to the methods by which rest or immobilization should be 
secured. 

Are there pathological or anatomical and physiological characteristics 
of the two age periods that would indicate a different method of treatment 
for each? 

Does operative bridging of the posterior segment of the spine in chil- 
dren by either the Hibbs or the Albee method hasten cure, prevent de- 
formity or complications, and lengthen life? Does it result in cure more 
frequently than do conservative methods? We do not particularly wish 
to know in what percentage of cases a skillful operation will produce a 
permanent fusion of the processes of the vertebrae, but rather in what per- 
centage it will produce a fusion of the bodies or otherwise result in a lasting 
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cure. Are the final results better at the end of ten or twenty years than 
they are in those cases which have been treated by equally skillful non- 
operative methods? 

5. What are the complications of Pott’s disease and how should they 
be treated? For example, should abscesses be aspirated? Is calcification 
of abscesses a sign of healing and is it desirable? Are these masses detri- 
mental to healing if they are locked up in a bone cavity or if they lie 
between the vertebral bodies or in the soft tissues adjacent to or at some 
distance from the spine? 

What is the incidence of spastic paralysis and at what time does it 
appear? 

How frequently do sinuses appear? What effect do they have upon 
the prognosis for healing of the spine and for length of life? 

6. Finally, should we regard these cases simply as an orthopaedic 
problem of localized tuberculosis of the spine to be cured in one year or in 
five years, or should we keep these patients under observation and guid- 
ance for many years as does the internist in treating pulmonary tubercu- 
losis? Can we ever forget that the disease is a lurking danger unless the 
body maintains continually a high level of resistance? In the last 
analysis, is the local treatment, however valuable, of greater importance 
than the general treatment of the body as a whole? 
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BY J. ALBERT KEY, M.D., ST. LOUIS, MISSOURI 

From the Department of Surgery of the Washington University School 
of Medicine, St. Louis, Missouri 

In Pott’s disease, as in other forms of skeletal tuberculosis, it is gen- 
erally believed that the tubercle bacilli reach the bone through the blood 
stream, which they enter from foci elsewhere in the body — usually the 
peribronchial or retroperitoneal lymph glands. Fraser, however, empha- 
sizes the peculiar tendency of the disease to localize in the bodies of the 
lower thoracic and upper lumbar vertebrae and he is not quite convinced 
by the usual explanation that this area is subjected to greater weight- 
bearing and greater strain and contains more cancellous tissue than do 
other areas of the spine. In seeking an explanation, he notes the close 
relationship of the thoracic duct to the bodies of the vertebrae in the areas 
where the disease tends to occur most frequently and suggests that the 
tubercle bacilli may reach the vertebrae from the overlying duct and its 
related lymphatics. 

Fraser also notes that cancellous tissue containing normal red bone 
marrow is highly resistant to infection by the tubercle bacillus, but that 
cancellous tissue showing marrow degeneration is peculiarly liable to be- 
come infected. When a tuberculous infection is present in the lymph 
nodes overlying a vertebral body, the adjacent cancellous tissue shows 
degenerative changes which render this area especially vulnerable to the 
tubercle bacillus. 

Either or both of the above explanations may be true, but either 
from the blood stream or from adjacent infected lymphatic tissue tubercle 
bacilli reach the area which is to become the site of the disease and settle 
there and multiply. Whether or not a minor injury which causes a slight 
extravasation of blood, but not a severe inflammatory reaction, is a factor 
favoring the localization and growth of the bacilli, is a question. 

As the bacilli increase in number there is a reaction in the surround- 
ing tissues. Observations on experimental animals indicate that the ini- 
tial reaction to the tubercle bacilli is an acute inflammation with an 
accumulation of leukocytes in the area. An abscess is not produced, but 
the leukocytes soon disappear or are phagocytosed by macrophages, and 
monocytes and epithelioid cells appear in the area. These cells can be 
identified by the presence of a rosette of fine granules, which stains salmon 
pink with neutral red in supravital preparations. It is believed that the 
epithelioid cells are developed from the monocytes and that the mono- 
cytes are developed from the primitive connective-tissue cells. Sabin, 
Doan, and Forkner have studied the reactions of the connective tissues to 
various fractions of the tubercle bacillus and have shown that the lipoid 
fractions of tubercle bacilli, especially the phosphatide Aj, contain factors 
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which stimulate the multiplication and maturation of monocytes and 
epithelioid cells and epithelioid giant cells. 

As the monocytes and epithelioid cells increase in number they tend 
to form a minute, roughly spherical mass or tubercle. The tubercle con- 
tains no blood vessels and its cells are supported by a delicate reticular 
structure. Sabin, Doan, and Forkncr have shown that the stimulus to the 
formation of tubercles resides in certain fatty acids of high molecular 
weight which are found in tubercle bacilli. As the tubercle increases in 
size its central portion undergoes caseation. This is a form of degener- 
ative change in which the cells die, losing their staining characteristics and 
disintegrating without liquefaction to form a finely granular residue. In 
this caseous central area there may be a variable number of fat droplets 
and fragments of cells in various stages of degeneration. Its peripheral 
zone is composed of dead or dying epithelioid cells. 

In addition to the epithelioid cells the tubercle usually contains one 
or more giant cells of the epithelioid or Langhans type. These tend to be 
smaller than the foreign-body giant cells; they arc characterized by a 
finely granular central area of protoplasm and exhibit a tendency for the 
nuclei to be arranged around the periphery of the cell. When stained 
supravitally with neutral red, the finely granular central area of the 
epithelioid giant cell stains a salmon pink and resembles the rosette of 
the monocytes and epithelioid cells. The epithelioid giant cell may at- 
tain a considerable size and contain twenty or more nuclei, but as a rule it 
is relatively small and contains only six or eight nuclei. The foreign- 
body giant cells which appear later in the disease may be much larger and 
may contain 200 or more nuclei, which are scattered irregularly through- 
out the cell. Doan, Sabin, and Forkner have shown that the epithelioid 
giant cell is derived from a single monocyte or epithelioid cell by amitotic 
nuclear division, while the foreign-body giant cell is formed b 3 r the fusion 
of many cells, which may be of different types. 

If the tubercle is sectioned and stained for acid-fast organisms, a few 
tubercle bacilli may be found in the sections. These may be in the 
caseous material or extracellular in the mass of epithelioid cells, but they 
are usually in these cells or in the giant cells. In my experience, however, 
it is difficult to find the organisms in sections from tuberculous bone in 
human beings. 

The necrosis of the central portion of the tubercle appears to be due 
to a lack of blood supply rather than to any toxic effect of the tubercle 
bacillus on the epithelioid cells or giant cells. This belief is based on 
observations on experimental tuberculous arthritis in the knee joints of 
rabbits. In this material many apparently living and healthy epithelioid 
cells and epithelioid giant cells contain considerable numbers of appar- 
ently normal tubercle bacilli. One gains the impression that these bacilli 
not only live, but thrive and multiply in the protoplasm of these cells and 
that this may occur without causing visible damage to the cell. In othei 
words, the epithelioid cell, instead of serving as part of the defense 
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mechanism of the body, appears to serve as a host for the tubercle bacillus 
and aids in the spread of the disease to the adjacent tissues. 

Around the periphery of the mass of epithelioid cells is a zone of 
small round cells or lymphoid cells, and outside of this there develops a 
zone of non-tuberculous inflammation in which the smaller blood vessels 
are increased in size and number and in which there is a mild proliferation 
of the fixed connective-tissue cells, small round cells, and macrophages. 
This tissue is oedematous and possesses a delicate connective-tissue 
framework. 

In instances in which the resistance of the individual is sufficient to 
cope with the infection, the fibroblasts in this non-tuberculous inflamma- 
tory zone proliferate and form mature collagenic fibrous tissue, which sur- 
rounds the minute tubercle. As this fibrous capsule matures and con- 
tracts, it isolates the epithelioid-cell mass with its tubercle bacilli from the 
rest of the body and they may ultimately die. 

In the individual in whom Pott’s disease is to develop, no adequate cap- 
sule is formed, but the epithelioid cells and tubercle bacilli invade the non- 
tuberculous inflammatory tissue and either form more tubercles or produce 
tuberculous inflammatory tissue, which contains large numbers of epi- 
thelioid cells. This highly cellular tuberculous inflammatory tissue in- 
vades the surrounding tissue, much as does a neoplasm, and bone, cartilage, 
and even dense fibrous tissue offer only a temporary barrier to its progress. 
Its periphery is highly vascular, but its central portion is so crowded with 
cells that blood vessels are obliterated and consequently this area degener- 
ates and a tuberculous abscess is formed. This granulation tissue may 
contain a variable number of tubercles and these may enlarge and coalesce 
to form an abscess. 

The abscess cavity contains cell debris and caseous material, but its 
contents are more liquid than is the caseous material of the tubercle and 
are purulent in character. During the active stage of the disease the 
wall of the abscess, which is composed of tuberculous granulation tissue 
backed by fibrous connective tissue, secretes, or at least permits the 
passage of fluid into the cavity, and the abscess increases in size and bur- 
rows through the surrounding tissues, following the path of least resist- 
ance, but maintaining a definite limiting wall until it ruptures through 
the skin, when its contents are expelled and its walls collapse, although 
the channel of tuberculous tissue may persist as a sinus as long as the 
disease is active. In other instances the disease may quiet down and the 
abscess may decrease in size as its contents become inspissated, and cal- 
cium may be deposited in its thickened avascular wall. 

In cancellous bone the area of tuberculous granulation tissue is able 
to enlarge with relative ease, the hematopoietic red bone marrow tending 
to retreat before the zone of non-tuberculous inflammatory tissue and 
leaving an oedematous, sparsely cellular, fatty marrow which offers little 
resistance to the advancing disease. It is believed that this disappear- 
ance of the red bone marrow from the vicinity of an active tuberculous 
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focus is clue to some toxins elaborated by the bacilli and diffused into the 
surrounding tissues. 

The living bone trabeculae become atrophied in the hyperaemic zone 
of non-tuberculous inflammatory tissue and are more or less completely 
absorbed when they become engulfed by the zone of tuberculous inflamma- 
tory tissue. This absorption is partly due to osteoclasts, but it appears to 
be largely the work of the epithelioid cells. Just how these cells are able 
to bring about the absorption of living bone, we do not know. Not only 
does this tissue bring about the disappearance of the delicate trabeculae of 
cancellous bone, but it penetrates the relatively dense cortical bone and 
appears beneath the periosteum or ligaments, which it tends to strip from 
the bone as it spreads over its surface. Likewise, this tissue, in which the 
epithelioid cells predominate, is able to erode and to penetrate articular or 
epiphyseal cartilage without great difficulty. It does have difficulty 
when it encounters dense fibrous tissue, but even this gives way eventually 
when subjected to the constant pressure of the mass of growing tubercu- 
lous tissue. 

It is characteristic of advancing tuberculosis that the bone plays a 
purely passive role and that little or no new bone is formed to buttress or to 
replace that which is being destroyed. Nor is there any stimulus to the 
formation of new bone, such as is present when bone is invaded by a 
pyogenic organism. Furthermore, in tuberculosis it is living bone which 
is destroyed, and the disease does not appear to cause necrosis of bone 
except by mechanically shutting off its blood supply. In fulminating 
disease the advancing zone of tuberculous inflammatory tissue may engulf 
trabeculae and pass on before they are completely absorbed, leaving the 
trabeculae projecting into the degenerating and caseous deeper layers of 
the diseased tissue. Such trabeculae die and are broken off and persist 
in the pus of the abscess as bone sand, as this pus has little power to dis- 
solve dead bone. 

Rarely, sequestra of considerable size are formed and these are fre- 
quently triangular or wedge-shaped. Consequently, it is generally be- 
lieved that they are due to emboli or to sclerotic occlusion of the nutrient 
artery which supplies this particular portion of the bone. Emboli have 
not been demonstrated, and sclerosis is a phenomenon which occurs in the 
healing of a tuberculous lesion. Consequently, I believe that the rare 
large sequestra are produced by the given area being surrounded by the 
tuberculous tissue which cuts through the bone on all sides of it and thus 
deprives it of its blood supply. This area thus becomes necrotic before it 
is invaded and destroyed and may persist indefinitely, as the tuberculous 
tissue has little power to destroy dead bone. 

In tuberculosis of the spine it is usual to classify the cases as of the 
central, epiphyseal, and anterior types. Very rarely the disease begins 
in the posterior arch or transverse process, but this type is not really 
Pott's disease and will not be considered in this paper. In a series of 109 
lesions studied by Doub and Badgley the disease was of the central type 
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in sixty-one, epiphyseal in forty, and anterior in eight. These lesions oc- 
curred in 100 patients, the incidence of multiple foci being about 10 per 
cent. This classification was based on x-ray studies of the spines and 
while the roentgenograms do not show the very early lesions, they do 
show the areas of greatest destruction, and it may be assumed that the 
disease began in these areas. 

It is usually stated that the localization of the disease in the central, 
anterior, and epiphyseal regions of the bodies of the vertebrae is deter- 
mined by the arrangement of the blood vessels, which are divided into 
central, anterior, and epiphyseal groups, and of course this is in a measure 
true. However, it is to be noted that infection in the epiphyseal 
region which has a relatively poor blood supply is frequent when 
compared to that in the anterior portion of the body, which not only has 
a rich blood supply, but is adjacent to the diseased lymphatic tissue, 
which, according to Fraser, is the source of the disease. It is further to be 
noted that the anatomical arrangement of the blood vessels in the various 
bones is used to explain the localization of hematogenous osteomyelitis 
and of tuberculosis. Yet pyogenic bacteria rarely cause disease of the 
spine and frequently cause disease of the long bones, while about half of 
all skeletal tuberculosis occurs in the spine. It is thus evident that the 
arrangement of the blood vessels is not a satisfactory explanation and 
that we do not yet know why the spine is peculiarly susceptible to 
tuberculosis. 

In the central type of disease the infection begins in the interior of 
the body of the vertebra and spreads through and destroys the cancellous 
tissue until it reaches the cortex, usually in the anterior portion of the 
body. The cortex is then penetrated and tuberculous tissue accumulates 
beneath the anterior longitudinal ligament, which is stripped up from its 
attachments to the bone and to the adjacent intervertebral discs. The 
disease may thus reach and invade the bodies of the vertebrae above and 
below without passing through the intervertebral discs. Likewise, it 
may erode the posterior cortex to appear beneath the posterior longitudi- 
nal ligament, and the tuberculous tissue may penetrate this ligament and 
spread over or completely encircle the dura at the level of the disease. 

The central type of disease may cause no symptoms until a consider- 
able portion of the body of the vertebra is destroyed and the bone col- 
lapses or until the cortex of the vertebra is perforated and the disease 
appears beneath the ligaments, which serve as periosteum, and causes 
localized pain. It is thus evident that this type of disease is not often 
diagnosed until considerable destruction is present. 

The anterior or superficial type of spinal tuberculosis begins in or near 
the anterior cortex of the body and spreads up and down the spine be- 
neath the anterior spinal ligament to invade and to erode the anterior por- 
tions of the bodies of the adjacent vertebrae, without causing much dam- 
age to the intervertebral discs or collapse of any vertebral body until late 
in the disease. 
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The epiphyseal or intervertebral articular type of disease begins in or 
near the upper or lower surface of the body and spreads to the interverte- 
bral disc and through the nucleus pulposus to the adjacent vertebra. This 
type of disease causes symptoms relatively early and can be diagnosed in 
the roentgenogram by the narrowing of the intervertebral space. It was 
present in 37 per cent, of the lesions studied by Doub and Badgley. I 
know of no pathological observations on early cases of the epiphyseal or 
intervertebral type of disease, but Knaggs shows an excellent example, 
which is fairly early and exhibits complete destruction of the nucleus pul- 
posus and very little destruction of the adjacent vertebral bodies. Ap- 
parently this type does not occur in young children where the cartilage 
adjacent to the intervertebral disc is quite thick and offers a much firmer 
barrier to the spread of the disease than does the delicate cancellous bone 
of the vertebral bod} r . Doub and Badgley note that the epiphyseal type 
of disease rarely causes collapse of the vertebral body and that it may heal 
without appreciable deformity. 

From pathological studies on seven spines of children who had Pott’s 
disease, Compere and Garrison concluded that the intervertebral disc was 
highly resistant to destruction by tuberculous granulation tissue. This 
is, of course, true in children, but the observations of Doub and Badgley 
indicate that it is not true in adults. 

As has been stated, when the tuberculous focus reaches a certain 
size its central portion becomes necrotic and may caseate, but, if the 
disease is advancing, it tends to liquefy and form an abscess, which in- 
creases in size as long as the disease is progressing. The abscess appears 
beneath the anterior longitudinal ligament and first elevates, then pene- 
trates this ligament, and forms a cavity lateral or anterior to the spine. 
As the abscess enlarges it follows the path of least resistance through the 
surrounding tissues and may generate considerable internal pressure before 
it finds its way to a soft, yielding area where the pressure is dissipated. 
Two or more abscess cavities may arise from a single focus in the spuie. 
Abscesses which arise above the diaphragm tend to remain in the chest 
cavity or to point posteriorly. Those which arise below the diaphragm 
tend to enter the pelvis along the sheath of the iliopsoas muscle and may 
point in the groin or thigh, or they may burrow posteriorly and appear m 
the lumbar region. 

After the abscess ruptures and discharges its contents or is drained, 
the tuberculous sinus which persists is vulnerable to infection by pyogenic 
organisms, and this is a complication which is usually dreaded. Per- 
sonally, I do not think that the secondary infection is so very important. 
If the patient has little or no resistance to the tuberculous disease and is 
going down hill steadily, the secondary infection may add the coup de 
grace to a hopeless situation, but secondary infection in abscess cavities 
which are well walled off and amply drained is rarely dangerous and usually 
clears up when and if the tuberculous focus heals. 

A distressing complication which occurs in about 12 per cent, o 
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the patients with Pott’s disease is paraplegia. Weeden Butler and Sed- 
don, in two excellent papers, submit their observations on 186 patients 
with Pott’s paraplegia. They emphasize the fact that the only constant 
etiological factor found in the usual type of paraplegia which occurs in 
early active Pott’s disease and diminishes in direct relationship to the 
subsidence of the infection, is the presence of active tuberculosis in imme- 
diate relationship to the dura mater. As has been stated, the tubercu- 
lous granulation tissue may completely surround the spinal cord, being- 
separated from it by the dura. This membrane affords a very firm barrier 
to the tuberculous tissue and is not invaded by the disease. Conse- 
quently, a pachymeningitis does not occur. However, Weeden Butler 
points out that even without mechanical compression of the cord the 
presence of active tuberculous granulation tissue in intimate contact with 
the dura may cause degenerative changes in the cord, which appear to be 
the result of the general toxic and vascular reaction occurring in the vicin- 
ity of any active tuberculous focus, and if this condition persists long 
enough the paralysis will be permanent. However, it is to be noted that 
even in this type of paralysis with no obvious compression of the cord, 
mechanical pressure is a factor in the paralysis, because this tends to clear 
up when an abscess communicating with the focus in the bone and thus 
with the epidural granulation tissue is drained, either by spontaneous 
rupture or by costotransversectomy. 

Due to the position of the articular facets, destruction of the bodies 
of the vertebrae in the thoracic region results in more extensive collapse 
and more acute angulation than does an equal amount of destruction in 
the cervical or lumbar region. But even in the thoracic region, with 
destruction of the bodies of several vertebrae and marked angulation, 
the spinal canal is not narrowed sufficiently to embarrass the spinal cord 
seriously. However, if the pedicles and articular facets are destroyed 
a pathological dislocation may occur and the cord may be pinched by the 
persisting posterior margin of the vertebra above or below, and permanent 
total paralysis may occur. A similar result may follow the rare concer- 
tina-like collapse of a vertebral body whose pedicles and articular facets 
have been destroyed. 

Very rarely, a large, loose sequestrum or mass of caseous material may 
be forced back into the vertebral canal and may compress the cord. 

We know that tuberculosis of the spine is in many respects a self- 
limited disease; that it tends to progress for a period of months or years 
and that then, either with or without treatment, an equilibrium is estab- 
lished between the resistance of the patient and the virulence of the 
organisms; that the patient may remain in statu quo for awhile; and that 
finally the defensive mechanisms of the body get the upper hand and the 
lesions in the spine tend to heal by fibrosis. In children the remains of 
vertebral bodies which are in contact tend to fuse by bone, and compensa- 
tory curves develop above and below the lesion. In adults the fusion is 
usually by dense fibrous tissue. 
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It is probable that no tuberculous spine ever heals completely and 
that there always persist foci of disease, which may become active if con- 
ditions arise that sufficiently favor the disease. I believe that spinal 
fusion tends to lessen the probability that such conditions will arise and 
that it tends to hasten the healing process if it is done without lowering 
the patient’s resistance too much. 

We need more studies on the process of healing in Pott’s disease, as 
most of the pathological work has, of necessity, been done on patients in 
whom healing did not occur. While the roentgenogram shows only the 
more gross lesions, it may yet throw considerable light on this phase of the 
disease. 
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PATHOGENESIS AND MEDICAL TREATMENT OF 
TUBERCULOSIS OF THE VERTEBRAE 

BY J. BURNS AMBERSON, JR., M.D., NEW YORK, N. Y. 

In the United States, since bovine tuberculosis has been reduced to 
the point where only 0.4 per cent, of the cattle are infected (Mohler), the 
disease in man is due almost exclusively to infection with the human type 
of bacillus. With very few exceptions, infection is acquired by inhala- 
tion, and the primary lesions are pulmonary. The early passage of the 
organisms from the pulmonary focus to the bronchopulmonary lymph 
nodes sets up lesions there which, in children, are usually much more ex- 
tensive than those in the parenchyma. This caseating lymphadenitis is 
the source from which most hematogenous infections originate, the bacilli 
gaining access to the blood stream at the junction of the lymphatic trunks 
and the innominate veins. 

There are several very conspicuous factors which influence the liabil- 
ity to hematogenous dissemination. The more extensive and progressive 
the caseous lymphadenitis, the greater is this tendency. In turn, the 
severity of the lymphadenitis is dependent greatly on the intensity and 
frequency of repetition of the early infections and on the age and race of the 
patient. Extensive lymphadenitis and severe and fatal forms of hema- 
togenous dissemination occur chiefly in infancy and in early childhood; 
both are more conspicuous in negroes, even in adults. Two-thirds or 
more of the deaths from tuberculosis occurring in children under the age of 
five can be traced to these forms, — chiefly tuberculosis of the meninges 
and the central nervous system. By contrast, over 95 per cent, of such 
deaths among people past fifteen years of age are due to chronic pulmonary 
disease. The trends, therefore, are very pronounced: the younger the 
child, the larger the lesions of caseous lymphadenitis and the greater the 
liability to hematogenous dissemination. The older the person, particu- 
larly beyond the age of puberty, the greater is the tendency to localiza- 
tion in the lungs, the less to hematogenous spread. There are exceptions, 
as in old men, but these are not sufficiently significant to nullify the rule. 

Lesions developing from invasion of the blood stream appear pre- 
dominantly in the lymphatic system, the meninges and the central nerv- 
ous system, the serous membranes, the skeletal system, and the genito- 
urinary system. Factors which favor these localizations include the 
arrangement of blood vessels and the distribution of the monocytic cells 
of the reticulo-endothelial system by which tubercle bacilli are engulfed 
and in which they survive for considerable time. 

After localization of the infection in various structures, if the victim 
survives, further progress of the disease is likely to be confined to single 
systems such as the respiratory or the genito-urinary. Local develop- 
ments depend on such factors as compactness of the organ and spatial 
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relationships. Thus, the lungs are particularly vulnerable, because they 
may be infected not only by inhalation but also by hemic transport of the 
bacilli, regardless of the point of their entry into the venous circulation. 
Furthermore, since the lungs are richly vascular, mobile, tubular, and 
areolar structures, the opportunity is great for the diffusion of toxins and 
the local dissemination of the infection. 

A feature of tuberculosis is its frequent latency and subsequent re- 
activation. If lesions are not sufficiently severe or disseminated to cause 
a child's death within a few months or years after infection, they settle 
often as latent caseous residua and usually become more or less encapsu- 
lated. The latent state may continue during later childhood until adoles- 
cence, when one or more of the foci may become reactivated, most often 
in the lungs. This feature seems responsible for the rapid accretion of 
progressive pulmonary lesions between the ages of eighteen and thirty- 
five. The mechanism of reactivation is not understood clearly, but de- 
pends apparently on fundamental constitutional alterations that fertilize 
the soil in which tubercle bacilli are much more likely to thrive. 

PRINCIPLES OF PATHOGENESIS IN TUBERCULOSIS OF THE VERTEBRAE 

Tuberculosis of the vertebral column accounted for 60S deaths in the 
registration area of the United States in 1937, — 131 in men, and 267 in 
women. This represents approximately 1 per cent, of the deaths from all 
forms of the disease, and approximately 12 per cent, of those from ex- 
trapulmonary tuberculosis. In Switzerland, Kaufmann estimated that 
from 1931 to 1935, 8.5 per cent, of all fatal extrapulmonary organ tubercu- 
losis was caused by disease of the vertebral column. 

It is interesting to know how closely vertebral tuberculosis follows 
some of the general laws of pathogenesis. Because of the difficulty of 
detecting early lesions, the time of the first involvement of the vertebrae 
has not been as clearly recognized as in the case of the lungs. However, 
on the basis of a study of 1259 cases, Whitman reported in 1927 that in 
85.8 per cent, of the cases the disease develops before the age of ten, the 
apparent onset occurring most commonly between the third and the 
tenth years. Recently Hellstadius, by more exact methods, has found 
two peaks of incidence of “primary” spondylitis*: the first between 
birth and nine years of age and the second, somewhat higher, between 
the ages of twenty and thirty-five; after this age the incidence of the 
“primary” type declines rapidly. The first peak coincides with that of 
the other early hematogenous disseminations mentioned and is easily 
understood. The second is more difficult to explain. Wallgren and 
Lundblom believe that this postpuberty peak is related to a sharp in- 
crease in the incidence of primary exogenous infections acquired by 
young people as they extend their activities farther from the home and 
more deeply into a contaminated environment, but there is reason to 

* He distinguishes the first vertebral focus as “primary” and direct extensions to 
adjacent vertebrae as “secondary”. 
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doubt the correctness of this assumption. Considering parallel phenom- 
ena already mentioned, the incidence of progressive pulmonary disease in 
this age period is too great to be explained by the effect of extrinsic factors 
alone and appears to be related in considerable part to constitutional 
variations. In vertebral as well as in pulmonary tuberculosis, the peak of 
incidence of progressive disease after puberty exceeds the slope of the 
curve of incidence of infection. In other words, incidence of infection 
determined recently in large groups of the American population (Douglas 
and Harmon) rises gradually and not as a peak at this time of life. 

There is other evidence to indicate that lesions which are established 
in the vertebral bodies earljr in life, if they do not soon become progressive 
and destructive, may subside into latency to remain permanently in this 
state or to be reactivated later by influences similar to those which affect 
pulmonary foci. Randerath found the bone marrow invaded almost in- 
variably in acute generalized miliary tuberculosis and in eighteen of a 
series of twenty-two cases of chronic extra-osseous tuberculosis, — mostly 
pulmonary. Koizumi demonstrated tubercle bacilli in the bone marrow 
in 75 per cent, of a series of cases of chronic organ tuberculosis. Since 
obviously few of these lesions ever become progressive, the necessary 
assumption is that, if the patient survives, most of them become healed 
or latent, and that constitutional or local influences later may be respon- 
sible for the exacerbation of some of them. Trauma, for example, may 
cause reactivation of such a latent focus. Few believe now that the effect 
of trauma is to establish a locus of lowered resistance in which circulating 
tubercle bacilli are likely to lodge. 

Vertebral disease also follows some of the general laws which de- 
termine localization and subsequent evolution. The point of localization 
in the vertebral body is thought by some investigators (Hellstadius, 
Randerath, Konschegg, Janas) to be determined largely by the vascularity 
of the parts, the density of the tissues, the areas of growth, and the rich- 
ness of red bone marrow. Randerath, for instance, observed more lesions 
in the red marrow than in the fat marrow and invoked this factor to ex- 
plain the relative frequency of tuberculosis of the shafts of long bones in 
children and its relative rarity in adults. The actively growing anterior 
subperiosteal part of the vertebral body, rich in vessels, is given by a 
number as a cause of the evolution of lesions here. The relative softness 
of the growing osseous tissue, the more frequent and severe hematogenous 
infections in early childhood, and the lower general resistance which pre- 
vails then help to explain the more diffuse, destructive lesions of the ver- 
tebral bodies, the more frequent development of paravertebral abscesses, 
and the higher incidence of spastic paraplegia in the first ten years of life. 
In adults, by contrast, increasing specific immunity and the greater com- 
pactness of the bone structure help to account for the higher incidence of 
localized, less destructive lesions. Furthermore, hematogenous infec- 
tions in adults are usually less severe than those in early childhood. 
Among several hundred nurses observed before and after becoming tuber- 
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eulin positive for the first time, I have found only one case of early 
localized vertebral tuberculosis; no deaths have occurred in this group. 
Caseous lymphadenitis in the bronchopulmonary and mediastinal chain 
is much less frequent than in young children. There seems to be an in- 
creasing native resistance against the infection as the person grows older. 

Developmental changes seem also to have an influence on the type 
and rate of healing of vertebral tuberculosis. In children, new-bone 
formation in a diseased vertebral body is reported to be more frequent 
than in adults. In adults, block formation is common; in children, rela- 
tively rave. Randerath has the conception that new-bone formation in 
children may be explained by the fact that the physiological growth 
center may be included in the domain of the lesion and may be stimulated 
by the diffused toxins. Finder’s explanation of the healing process seems 
to harmonize with this view. In adults, calcification of pulmonary 
lesions is seldom observed before they have remained arrested for four or 
five years, and then only slowly. In children, calcification is usually 
more rapid and may be easily identified in the roentgenogram within a 
year. The fundamental reason for this difference, which may play a 
part in the healing of vertebral tuberculosis also, is not clear. Pagel has 
suggested that endocrine activity may be a factor, recalling that childhood 
is the period of greatest parathyroid function. 

The law of Marfan, that tuberculosis of the bones excludes the likeli- 
hood of serious tuberculosis in other organs, has numerous exceptions. 
Bernard and his associates suggest that the law applies only to extrapul- 
monary lesions which have healed before puberty without extension to 
other organs. Sipos, Petter, Marienfeld, and others make it clear that 
many patients with vertebral disease have more or less serious tuberculous 
lesions elsewhere, — most often in the lungs. Von Hecker finds that asso- 
ciated pulmonary lesions are fewer in older patients, decreasing in his 
series from 63.6 per cent, in the age period of from one to three, to 5 per 
cent, in the age period of from twenty-two to twenty-four. Cave reports 
that 60 per cent, of 122 children with vertebral tuberculosis showed pul- 
monary lesions at some time during the course of the disease, as demon- 
strated by roentgenograms taken routinely every three months. Hema- 
togenous disseminations are bound to strike many visceral organs. That 
many of the resulting lesions remain innocuous is proved by the finding 
of healed miliary tubercles in the liver, the spleen, and the kidneys in 20.1 
per cent, of 452 consecutive cases examined routinely at autopsy in the 
Cleveland City Hospital by Reichle and Work. While most of these 
lesions remain latent, some assuredly will progress. Meningitis predom- 
inates in infancy and in early childhood, but other forms, such as urogeni- 
tal tuberculosis, are fairly common at later ages. Kaufmann found that 
13.7 per cent, of the extrapulmonary lesions in his series were in the 
genito-urinary tract; he and others have pointed out the greater frequency 
in men after the age of twenty. From these reports and my own experi- 
ences, it may be said that thoracic lesions, apart from being the common 
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origin of vertebral tuberculosis, often complicate the picture because of 
their extent, activity, and chronicity, and that other associated hematog- 
enous lesions are by no means rare. Wherever these may be situated, 
they occasionally progress simultaneously with the vertebral lesions or at 
some other time. 


LIABILITY OF THE NEGRO 

In 1935, the negroes of the United States comprised 9.5 per cent, of 
the total population. Thirteen per cent, of all deaths from all causes oc- 
curred in negroes. Twenty-seven per cent, of all deaths from tubercu- 
losis were among negroes in 1935, as compared with 11 per cent, in 1910. 
In 1937, in the registration area of the United States, 27.5 per cent, of the 
deaths from all forms of tuberculosis occurred among the colored, and 
this group contributed 39.4 per cent, of the deaths from disseminated 
tuberculosis and 21.4 per cent, of those from tuberculosis of the vertebral 
column. Pinner and Kasper, in a comparative autopsy study, noted a 
decidedly greater relative incidence of hematogenous lesions in negroes 
and found evidence that this is a genetic characteristic. My own ob- 
servations are in agreement and indicate that the negro shows a greater 
tendency to caseous tuberculosis and less effective healing powers, and, in 
the presence of vertebral or other hematogenous tuberculosis, a decided 
tendency to further dissemination of the infection. 

CLINICAL APPLICATIONS 

From these observations certain practical principles suggest them- 
selves. 

If exposure to infection is inevitable, the prevention of vertebral 
tuberculosis depends largely on the postponement of infection at least 
until after the years of early childhood and on the safeguarding of general 
health and resistance during adolescence when latent lesions sometimes 
become reactivated. 

In any case of vertebral tuberculosis the source should be sought in 
the chest. The pulmonary focus may be insignificant, and the more 
important lesions are likely to be found in the lymph nodes of the medi- 
astinum. Since the lesions at the source may fluctuate greatly at the 
beginning and even later, especially during adolescence, periodic roent- 
genographic observation should be made; during the period of instability 
this should be at intervals of three months or less. 

Since the vertebral focus frequently is only one of a number of hema- 
togenous lesions, others should be looked for at once and at intervals there- 
after. The common points of localization should be investigated es- 
pecially. Suggestive findings, such as traces of albumin and pus in the 
urine, necessitate further thorough examination. 

If associated lesions are discovered, they should be studied and evalu- 
ated carefully, since these may be mild and latent or active and ulcerating 
and should be treated accordingly. 
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PRINCIPLES OF MEDICAL TREATMENT 

Tuberculosis of the vertebrae is invariably only one part of a system- 
ic disease. This fact has many implications in treatment which should 
be designed to control other active lesions as well and to avoid the 
exacerbation of foci which at the time may be latent. It is a fundamental 
principle of treatment of any form of tuberculosis that adequate healing 
cannot be expected until activity has subsided and the processes of 
caseation and liquefactive necrosis have been arrested; then, and not be- 
fore, healing may progress efficiently and steadily. 

Since stabilization of the lesion is the first goal, rest treatment ini- 
tially is intended for this purpose. Symptoms of toxaemia are watched, 
and it is invaluable to make periodic observations of the erythrocyte 
sedimentation rate and of the blood leukocytes. Quiescence is indicated 
by a trend to normal, while the lesion may show a subsidence of the de- 
structive process simultaneously. This period of stabilization, indicating 
that the diffusion of toxins is becoming less and less, requires a variable 
time, — often many months. Afterwards, if reactivation is prevented, 
local healing progresses slowly. 

There is no substitute for the general scheme of rest treatment in any 
form of tuberculosis, and it is particularly important in the ease of re- 
cently developed disease. Proof of the value of rest treatment is empiri- 
cal It should not be supposed that this consists solely of rest of the local 
lesion. Healing depends not only on this but also on the preservation 
and enhancement of the general specific and non-specific factors which 
enter into resistance. Their vital importance is best demonstrated when 
they are impaired, as by malnutrition, fatigue, worry, menstruation, 
pregnancy, associated diabetes, and many other causes. Rest treatment, 
therefore, should include, if possible, the elimination or minimization of 
such deleterious influences in order to ensure the maintenance of vital re- 
sistance at a maximum level. 

Speaking specifically, diet is now considered to be important in tuber- 
culosis only in so far as it provides all the necessary elements in suitable 
amount and quality, well prepared and tastefully served. Beyond this, 
there is no proved efficacy in excessive dietary specialization. Physical 
agencies, such as heliotherapy, balneotherapy, and climatic treatment, 
are useful for their effect in preserving and stimulating physiological tone 
and in promoting mental and physical relaxation. Except for certain 
superficial tuberculous lesions, it is doubtful whether natural or artificial 
heliotherapy is lethal for bacilli in the tissues or that it accelerates heal- 
ing in a specific way. Psychotherapy is important to help the patient ie- 
solve his personal problems, which otherwise may act to retard his progiess. 
Serenity and calmness are powerful factors in promoting recovery. 

There is no substitute for time in the healing of this disease, and e\ en 
several years is not too long a period when one considers the alternative 
of repeated relapses, chronic invalidism, and early death. 

In principle, operative interference in any form of tubeiculosis i» 
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most effective ultimately if time is allowed first for the active process to 
subside and fibrous encapsulation to begin. Then surgical treatment, 
while it does not necessarily accelerate healing, may create conditions in 
which healing will be most effective and durable. Certainly surgical 
treatment does not seem logical in the presence of actively disseminating 
tuberculosis when new lesions may appear at any time in some other 
organ in a serious and threatening form. The peculiar constitutional 
disposition of the negro in this respect should be seriously considered. 

SUMMARY 

Tuberculosis of the vertebrae conforms fairly closely in its time and 
mode of origin to the principles applying to other hematogenous dissemi- 
nations. The disease usually starts in early childhood or during adoles- 
cence and early adult life; in the latter period some of the newly develop- 
ing lesions probably result from the exacerbation of latent foci established 
many months or years previously. 

The localization, evolution, and healing of vertebral lesions, likewise, 
are governed by principles which apply to other structures. The com- 
pactness, growth, vascularity, and other components of the bone, as well 
as the differences in native and acquired resistance, help explain the dif- 
ferences of behavior at various ages. 

In negroes, vertebral tuberculosis is a more frequent, serious, and 
fatal disease than in whites. 

In the presence of vertebral tuberculosis, a source in the chest should 
always be assumed and sought for, as well as hematogenous lesions in 
other systems such as the serous membranes, the lymphatics, and the 
genito-urinary tract. It is important to recognize these at any time, but 
especially during the early stages of vertebral disease. Periodic roent- 
genographic examinations of the chest should be made at frequent inter- 
vals, and the urine should be examined regularly for traces of albumin or 
pus. Suggestive evidence should always lead to further investigation. 
Too much reliance should not be placed on the observation that vertebral 
tuberculosis sometimes runs its course as an isolated lesion. 

Treatment is aimed first at arresting hematogenous dissemination, 
diffusion of toxins from the vertebral lesions, and the destructive processes 
of caseation and liquefaction. Later, adequate time should be allowed 
for complete healing, which may require several years. Healing sets its 
own pace, and this cannot be accelerated materially except by rest treat- 
ment in its comprehensive meaning. Other measures may aid in securing 
a better, if not a quicker, result. 

Attention is called to the principle that in any form of tuberculosis 
surgical treatment usually is most effective ultimately if it is postponed 
until the forces of resistance have become organized and the lesion has 
been stabilized and has started to heal. Surgical treatment may be 
futile and harmful if started prematurely, especially if the disease is still 
in the phase of hematogenous dissemination. 
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END RESULTS OF THE SPINE-FUSION OPERATION FOR 
TUBERCULOSIS OF THE SPINE 

BY WALKER E. SWIFT, .M.D., NEW YORK, N. Y. 

From the New York Orthopaedic Dispensary and Hospital 

For exactly twenty-nine years the Hibbs spine-fusion operation has 
been the treatment of choice for persons with tuberculosis of the spine 
who have come to the New York Orthopaedic Hospital. It was per- 
formed for the first time on January 9, 1911, and between that date and 
January 1, 1940, 1020 such patients have been so treated. They repre- 
sent a motley group of all ages, of all stages of activity of the disease, 
and of all the variations in those factors which make up what is known as 
the patient’s constitutional capacity to resist tuberculosis. The operation 
was thought of by Hibbs primarily in terms of the treatment of young 
children, and, although it has come to be used more and more for adults, 
no opportunity can be missed of reiterating and stressing the fact that 
spine fusion has its most beneficial results in young children. 

In order that data on the really late results could be summarized, 
only those patients who were operated upon in the twenty-year period 
1911 to 1930 inclusive have been considered. This allows the possibility 
that each patient could have a minimum ten-year period of observation. 
No patient has been included who was lost before he had had an examina- 
tion by a surgeon at the Hospital five years after the operation. This, of 
course, eliminates a considerable number, but, as a matter of fact, the 
follow-up efficiency over this twenty-year period has been extremely good. 
Of the total of 817 patients, 71 per cent, are included in this study; of 
that 71 per cent., 61 per cent, have been observed regularly for periods of 
at least ten and up to twenty-four years after the operation. It is evident, 
therefore, that any conclusions drawn from this study are based on a large 
number and a great variety of patients, observed over a long period of 
time. 

As observations have accumulated, a number of effects of the spine 
fusion on tuberculosis of the spine have become clear and demonstrable. 
Therefore, before presenting any statistics, it would seem a valuable part 
of this end-result study to state just what is and what is not expected of 
the operation. 

A group of factors are present in each patient which cannot be com- 
pletely evaluated in the beginning, but which exert a great influence on 
the course of the disease. For instance, one cannot tell just what degree 
of inherent capacity for resistance to the disease is present. It is hard 
to say just how virulent the particular infecting organisms are. It is 
difficult to detect by present diagnostic methods all of the parts of the 
vertebrae which are involved, or to know the exact amount of cancellous 
bone which has been or is about to be absorbed. One cannot foretell how 
well or how quickly any one individual’s tissues will respond and set in 
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Fig. 2-A Fig. 2-B Fig. 2-C 

Illustrating pseudaithiosis. The patient had a history of symptoms of six 
months’ duration when fusion was done in 1924 at the age of two years. The lesion 
involved the second, third, and fourth lumbar vertebrae, and the fusion extended 
from the eleventh thoracic vertebra to the fourth lumbar vertebra, inclusive. The 
condition fourteen years after fusion was excellent. 

Fig. 2-A: Preoperative film. 

Fig. 2-B: Thirteen months after fusion, showing pseudarthrosis and increase in 
deformity with no subsidence of the lesion. Repair of the pseudarthrosis was done. 

Fig. 2-C: Fourteen years after first fusion, showing solid fusion, bony fusion and 
growth of bodies, and moderate deformity. 

motion their obscure ways of resisting tuberculosis, which tend toward 
quieting the activity of the lesion. 

The primary purpose and the fundamental result expected of a spine 
fusion is the elimination of motion at the vertebral joints, thereby estab- 
lishing a state of what is called rest in the area of the disease. 

It is expected that within three weeks the fusion will be strong enough 
to produce the effect of rest. This effect is often demonstrable in four 
months. If roentgenographic evidence of a lessening of the disease 
activity is not present in from six to eight months, either the fusion is not 
solid or some of the unknown factors cited are stronger than estimated. 

It is hoped that the fusion will prevent an increase in the kyphos, but 
this is not expected in all cases. It is not expected that a fusion of the 
posterior elements will hold apart vertebral bodies when an intervening 
one has been totally destroyed. Increase of the kyphos is expected to 
stop as soon as the repair tissue and the converging vertebral bodies offer 
a supporting strength, which, combined with the strength of the fusion, 
equals that of the deforming factors. This arrest of the deformity is 
expected to occur much sooner than it would without the fusion, and the 
deformity is not expected to increase thereafter. If this effect is not evi- 
dent in from six to eight months, either the fusion is not solid or the 
disease is progressing. 
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Fig. 3-A Fig. 3-B 

Illustrating control of deformity and growth of spine. The patient had a 
history of symptoms of one year’s duiation when fusion was done in 1925 at the 
age of thiee years. The lesion in the ninth and tenth thoracic vertebrae was 
advanced; that in the second and third lumbar vertebrae was in the early stage. 
A two-stage fusion, extending from the sixth thoracic vertebra to the fourth 
lumbar vertebra, inclusive, was done. The patient was ambulatory in five 
months. The condition fifteen years after fusion was excellent. 

Fig. 3-A: Preoperative film. 

Fig. 3-B: Eight years after fusion operations, showing solid fusion, bony 
ankylosis of the diseased vertebrae, no deformity, and growth of spine in the 
fused segment. 


It is expected that paravertebral abscesses will tend to disappear if 
they are dependent for their contents on the activity of the vertebral 
lesion, which effect is frequently observed as early as the fourth month. 
It is not expected that a spine fusion will have any but an indirect effect 
on soft-tissue tuberculosis, such as abscesses and sinus tracts where tuber- 
culosis granulation tissue is actually established in the soft tissues. 

In children, it is expected that, with the cessation of tuberculous 
activity in the vertebral bodies, the latter will grow in height throughout 
the fused segment to the extent potential in the growth factors which 
have survived the ravages of the disease. 

It is expected that, after a successful fusion, it will be safe to permit 
a patient to be ambulatory at a relatively early date, partly because of 
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the support in the fusion mass, and partly because the repair processes are 
expected to be well advanced. 

It is expected that the repair processes once initiated after a success- 
ful fusion will continue to a point where the roentgenographic appearance 
of the previously diseased bone is entirely healthy, whether or not actual 
bony ankylosis takes place. When this point is reached, the danger of a 
recurrence of active tuberculosis in that area is not feared. This rela- 


tively normal appearance of the bone is the ultimate end result expected 
to occur after a successful spine fusion. 

There is no hesitation in saying that these effects are not observed in 
every patient, or in recognizing that numerous complications and un- 
toward results occur. However, as it is the purpose of this paper to 
emphasize briefly the demonstrable, beneficial, perhaps specific effects 



Fig. 4-A 


Fig. 4-B 


Illustiating course of a lumbar lesion. The patient had a history of symptoms 
of five months’ duration when fusion was done in 1925 at the age of three years. 
The lesion involved the second, third, and fourth lumbar vertebrae, and the fusion 
extended from the twelfth thoracic veitebra to the fifth lumbar vertebra, inclusive. 
The patient was ambulatory in five months. The condition fifteen years after 
fusion was excellent. 

Fig. 4-A: Pieoperative film. 

Fig. 4-B: Fourteen years after fusion, showing bony ankylosis of the diseased 
vertebrae with appaient loss of the third iumbar, slight deformity, healthy bone, 
and giowth of the bodies in the fused segment. 
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tissues to resist tuberculosis and the failure of the fusion to become solid 
or to covei a sufficient number of vertebrae. The first cause the surgeon 
can do little about; the second is to a considerable extent in his hands. 
Should a failure of fusion be suspected, the region should be explored 
without delay, and, if a pseudarthrosis is found and successfully repaired, 
the expected sequence of effects will usually follow. It must be obvious 
that a fusion which is not solid can in no way fulfill the purposes for which 
it was performed, and that a patient whose poweis of resistance are ex- 
hausted 01 inadequate will not respond in the expected manner. 

The most impoitant data on the end lesults of the patients studied 
are presented in the following series of tables. 


TABLE I 

Analysis of Material (1911-1930) on which Study Is Based 



No 

Per Cent 

Patients included in study 

584 

71 48 

Patients lost befoie 5-yeai follow-up 

233 

28 52 

Total patients opeiated upon 

817 

100 00 

1 

Patients 10 yeais of age and undei 

332 

I 

Patients ovei 10 yeais of age 

252 

■SEP 

Total patients m study 

584 

100 00 


It is seen in Table I that 817 patients with tubeiculosis of the spine 
Y\eie operated upon in this period and that 584, 71 per cent , have been 
followed for at least five yeais or are known to be dead This figure is 
woith emphasizing, as well as the number of clnldien in the group If the 


TABLE II 
Clinical Data* 



Ages of Patients 



1 to 10 Yeais 
(259 Cases) 

11 Yeais and Ovei 
(157 Cases) 

Combined Gioups 
(416 Cases) 

Symptoms present less than 1 



44 pei cent 

year 

53 pei cent 

29 per cent 

Pievious tieatment 

33 per cent 

52 per cent 

43 pei cent 

Lesion active at fusion 

83 pei cent 

68 pei cent 

77 pei cent 

Patient lecumbent over 4 



13 per cent 

months after fusion 

17 pel cent 

8 per cent. 

Follow-up penod of over 10 



61 per cent 

years . . . 

64 per cent 

54 per cent 


* On the patients who survived, the 168 who died not being included 
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children were to lie divided into smaller age groups, it would be found that 
160 of them were less than five years old. The youngest child who had a 
fusion was nine months old at the time, but, unfortunately, he was lost 
after having made an amazing and rapid recovery during the two years 
he was under observation. 

Table II is based on the living patients, the 168 who died not being 
included. It is interesting to compare the children with the older indi- 
viduals under the various headings. Previous treatment means that the 
patient had had some sort of so-called conservative treatment, but it is 
not possible to say whether or not this could be called adequate treatment 
except in a few instances. Of the group as a whole, 77 per cent, had 
active lesions at the time of fusion, while the children’s percentage of 
activity was S3. The period of recumbency is important to note, and it 
will be seen that only 13 per cent, of all these 416 patients were kept in 
bed longer than four months after the operation. Or, conversely, 87 per 
cent, of the patients were ambulatory at the end of four months. At the 
present time the period of recumbency would be longer — six to 12 months 
— as it is believed that some increases in the kyphos will be prevented if 
the fusion has a longer time in which to solidify before the patient is 
allowed up. The fact that ten-year follow-up examinations have been 
obtained in 61 per cent, of the patients included in this study makes it 
clear that many observations have been made on these patients. 

Table III needs little comment except to say that the number of 
pseudarthroses is high and indicates the need of constant vigilance to 
detect its presence. Eleven patients needed other operations before a 
solid repair of the pseudarthrosis was accomplished, and one of them, even 
after five attempts, still has a crack at the apex of the kyphos. It brings 
out also the point that one must be prepared to do a secondary fusion if 
the first one was too short or if the disease progresses in vertebrae which 
were not diagnosed originally as diseased. 

There have been 168 known deaths among the 584 patients, and 


TABLE III 

Causes of Delayed Results 



Ages of Patients 



1 to 10 Years 

1 1 Years and Over 

Combined Groups 


(332 Cases) 

(252 Cases) 

(584 Cases) 

Pseudarthrosis in fusion 

13 per cent. 

16 per cent. 

15 per cent. 

Pseudarthrosis after repair 


S patients 


Third pseudarthrosis 


3 patients 


Vertebrae added for short 




fusion 

8 per cent. 

1 per cent. 

5 per cent. 

Fusion for new lesion in an- 




other region 

2 per cent. 

3 per cent. 

3 per cent. 
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TABLE IV 
Causes of Death 



Ages of Patients 



1 to 10 Yeais 
(73 Cases) 

11 Yeais and Ovei 
(95 Cases) 

Combined Gioups 
(168 Cases) 

Tubeiculous meningitis 

26 pei cent. 

1 1 per cent. 

18 per cent. 

Tuberculosis of lungs 

7 per cent. 

17 per cent. 

13 pei cent. 

Other forms of tubeieulosis 

23 pei cent. 

21 per cent. 

22 per cent 

Postopeiative shock and in- 
fection 

4 pei cent. 

5 pei cent. 

5 pei cent 

Miscellaneous, non- tubeicu- 
lous 

40 per cent. 

46 per cent. 

42 per cent. 


Table IV lists the various causes, the percentages being based on the total 
deaths Again it is interesting to compare the two age groups and to note, 
for example, how many more of the younger patients than the older ones 
died of meningitis, while the opposite is true for pulmonary tubercu osis. 
It may be pointed out that 53 per cent, of the deaths were caused by some 
form of tuberculosis. This represents eighty-eight patients and means 
that 15 per cent, of the 584 patients died of tuberculosis. 

The figures for shock and infection represent a single death in an 
adult from a streptococcus wound infection, four instances of true shock 
in adults, and three in children. Here is one of the real hazards in this 
treatment for tuberculosis of the spine, and yet it seems a relatively small 
one when compared with the tremendous benefits which have accrued to 
the living patients. When these eight deaths are calculated on the basis 
of the entire series of 584 patients, the actual operative mortality is found 
to have been only 1.4 per cent. 

Further analysis of the deaths shows that 34 per cent, of them oc- 
curred within one year of the fusion operation; 38 per cent, of the children 
and 31 per cent, of the older individuals were in this group. Forty-eight 
per cent, of the patients who have died had relatively active lesions at 


TABLE V 

Results of Operation in 584 Cases 



Ages of Patients 



1 to 10 Years 

11 Years and Ovei 

Combined Gioups 


(332 Cases) 

(252 Cases) 

(584 Cases) 

Excellent, eaily 

! 

54 pei cent 

44 pei cent 

50 per cent. 

Excellent, delayed 

18 per cent. 

9 pei cent 

14 per cent 

Failure, but patient is living 

6 per cent 

9 pei cent 

8 pei cent. 

Death 

22 per cent. 

38 pei cent 

28 per cent 
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the time of operation, as judged by the fact that they had had symptoms 
for less than one year, and in this group 59 per cent, were under ten years 
of age, while 3S per cent, were older. 

Table V shows the end results of all the patients grouped according 
to their final clinical and rocntgenographic examinations. The patients 
who are in good condition clinically and whose roentgenograms show the 
tuberculous lesion to have entirely subsided are listed as having excellent 
results. These results are divided under two headings, early and delayed, 
for the purpose of indicating the large number of patients who recovered 
quickly and reached an excellent condition without any complication 
other than perhaps some increase in the kyphos. The delayed heading 
represents those patients who reached an excellent condition only after 
some complications, which slowed their progress. Some had pseudar- 
throses, which were repaired; others had very active lesions, which were 
slow in subsiding; and a few needed secondary operations to lengthen the 
fusion or to take care of a new focus elsewhere in the spine. It must be 
emphasized that in each division the results for the children are better, 
and that the combined headings show excellent results in 72 per cent, of 
the children and 53 per cent, of the older patients. 

SUMMARY 

1. Spine-fusion operations for tuberculosis of the spine were per- 
formed on 817 patients in the twenty-year period 1911 to 1930. Seventy- 
one per cent, of these patients were followed for at least five years; of 
these, 61 per cent, were followed for periods of from ten to twenty-four 
years. 

2. The demonstrable and expected benefits of a successful spine 
fusion are: 

a. Rest to the diseased area; 

b. Subsidence of the activity of the lesion at an early date; 

c. Maintenance of the kyphos at the minimum amount of deform- 
ity; 

d. Growth of the vertebral bodies in the fused area in children; 

e. Possibility of the patient’s being ambulatory at an early date; 

f. Attainment of a permanent healthy roentgenographic appearance 
of the diseased vertebrae. 

3. Excellent results were obtained in 72 per cent, of the children and 
in 53 per cent, of the older patients. 
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BY MATHER CLEVELAND, M.D., NEW YORK, N. Y. 

An attempt to study a single manifestation of a disease so protean as 
tuberculosis is difficult and perhaps unwise. One excuse for selecting the 
invasion of the vertebrae and the intervertebral joints by tuberculosis 
may be the relative frequency of this lesion. The weight-bearing joints 
are involved in about 95 per cent, and the vertebral joints in 52 per cent, 
of all instances of joint tuberculosis. 

This discussion is based on 173 consecutive cases of tuberculosis of the 
spine treated surgically at Sea View Hospital from 1924 to 1934, inclusive, 
and thirty consecutive cases from St. Luke’s Hospital similarly treated 
from 1930 to 1938. In the time allowed, only the barest details can be 
presented, and an attempt will be made to answer certain categorical 
questions asked by the Chairman. 

It is my belief that the answer to the problem of joint tuberculosis, 
including tuberculosis of the spine, lies not in methods, techniques, surgi- 
cal procedures, alpine sunlight, etc., but in more fundamental and often 
ignored factors, — that is, the extent of invasion by the tubercle bacillus 
and the patient’s reaction to this disease. An attempt to classify these 
patients according to the severity of the infection has been previously 
presented, but it is necessary to repeat this to clarify the argument. 
There are four groups ranging from minimal to maximal involvement by 
the disease: 

Group A: Patients with no evidence oj pulmonary tuberculosis. This, 
an easily recognized group, consisted of seventy patients, 34.48 per cent, 
of the whole number, with tuberculosis of the spine but no pulmonary 
involvement. The mortality was 11.42 per cent. Death in this group 
usually occurs from prolonged suppuration and attendant amyloid disease. 

Group B: Patients with pulmonary tuberculosis and negative sputum, but 
with no metastatic spread to other organs. There were fifty-six patients in 
this group with arrested pulmonary disease. During their hospital stay 
their sputum examination had always been negative. Their mortality 
was 7.14 per cent. 

Group C: Patients with pulmonary tuberculosis and positive sputum. 
There were forty-five patients who had positive sputum at some time or 
throughout their hospital stay. They showed a mortality of 44.44 per 
cent. 

Group I): Patients with pulmonary tuberculosis and negative sputum, and 
with metastatic spread to other organs. This group of thirty-two patients, 
in whom metastatic spread of the disease developed, showed a mortality 
of 68.75 per cent. For the most part they were overwhelmed by the 
disease and predestined to failure to survive. Such patients are apt to 
have invasion of gastro-intestinal or genito-urinary tracts or lymph glanc s, 
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and often miliary tuberculosis ultimately develops. There is no certain 
means of recognizing patients in this group until they have declared them- 
selves definitely. Once they are established in Group D, it is foolhardy 
to attempt any surgery except of a palliative nature. Having watched 
the development of metastatic spread in these patients in the wards prior 
to any surgery, I doubt very much if the surgical procedure plays any part 
in dissemination of the disease. 

Since Groups A and B showed a combined mortality of 9.52 per cent., 
and Groups C and D showed a mortality of 54.54 per cent., it must be 
obvious that the success or failure of any type of treatment, in a given 
series of cases, will depend upon which groups form a majority of the 
patients in that series. (See Table I.) 

Duration of Symptoms 

For the entire group of 203 patients, the average time between the 
onset of symptoms and the operative treatment was over three years. 
Rarely is the disease recognized in these patients within six months of 
onset, and it takes a much longer time for them to come under the care of 
an orthopaedic surgeon. Only 15 per cent, of the Sea View patients were 
admitted within a year of onset, while at St. Luke’s Hospital, 50 per cent, 
were seen within a year and 16 per cent, within six months of onset. The 
importance of earlier recognition and treatment of these patients should be 
emphasized. 


TABLE I 

Mortality in Relation to Extent of Systemic Tuberculous Infection in 
203 Patients with Tuberculosis of the Spine 



Sea View Hospital 

St. Luke’s Hospital 

Entire Group 

Group 

Patients 

(No.) 

Deaths 

(No) 

Mortality 
(Per Cc~i i.) 

Patients 

(No.) 

Deaths 

(No.) 

Mortality 
(Per Cent ) 

Patients 

(No.) 

Deaths 

(No.) 

Mortality 

(PerCent) 

A: Patient with no e\i- 
dence of pulmo- 
nary tuberculosis 

52 

7 

13. 4G 

18 

1 

5.55 

70 

s 

11.42 

B* Patients with pulmo- 
nary tuberculosis 
and negative spu- 
tum, but with no 
metastatic spread 
to other organs 

50 

4 

8.00 

0 

0 

0 00 

56 

4 

7 14 

C. Patients with pulmo- 
nary tuberculosis 
and positive spu- 
tum 

40 

18 

45.00 

5 

o 

40 00 

45 

20 

44.44 

D. Patients with pulmo- 
nary tuberculosis 
and negatn e spu- 
tum, and w ith 
metastatic spread 
to other organs 

31 

21 

07.74 

i 

1 

1 

100 00 

32 

22 

08 75 
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Cl C2 C3 C4 C5 C6 C7 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 LI L2 L3 L4 L5 SI S2 

1 1 2 3 5 6 7 9 11 16 17 22 36 50 56 57 57 64 60 46 41 49 46 27 10 1 

Chart 1 

Vertebrae involved in the series of 203 patients operated upon. 

I shall take no time to discuss the subject of diagnosis of tuberculosis 
of the spine except to say that it is not always simple and that the classic 
pattern of physical signs and roentgenographic evidence is not always 
followed. 

Area of Spine Involved 

These patients showed involvement of every vertebra from the atlas 
to the sacrum. The vast majority of the lesions were in the lower thoiacic 
and upper lumbar vertebrae. (See Chart 1.) 

Paraplegia 

Spinal-cord pressure, caused by an extradural abscess, varies f 10 ^ 1 
slight spasticity with hyperactive reflexes to complete paialysis vi > 
anaesthesia and loss of control of anal and urinary sphincters, 
occurs in all age groups. There were forty-eight of these 203 pa ien 
who gave evidence of spinal-cord compression. Of these, seven cei 
showed mild or incomplete compression, which cleared up rathei quic 
with rest in bed. The remaining thirty-one, who gave evidence of seno 
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spinal-cord compression with complete paraplegia, presented a graver 
problem. In thirteen of these thirty-one, or 41 .93 per cent., the paraplegia 
developed prior to operation; in eighteen, or 58.06 per cent., the paralysis 
developed following operation, in periods of time varying from six months 
to several years after the surgical procedure. Of these thirty-one com- 
pletely paralyzed patients, seventeen recovered their motor power and 
survived the disease. Of the fourteen who failed to recover from the 
paraplegia, all but one have died of the disease, — a mortality rate of 
41.93 per cent, for those patients with complete paraplegia. Although 
prior to 1930 a number of laminectomies were performed on these patients, 
we now feel that surgical fusion of the spine and prolonged bed rest offers 
the best means of treatment. Paraplegia is found most frequently in 
patients with disease of the thoracic spine. The apex of maximal involve- 
ment in these forty-eight patients was at the seventh and eighth thoracic 
vertebrae. (See Chart 2.) 

Abscesses 

Paravertebral, mediastinal, or psoas abscesses are present in a very 
high percentage of these patients. Abscesses were noted in 68 per cent, 
of the Sea View patients. Because of this high frequency, the patients 
in the smaller St. Luke’s series were carefully checked for this condition. 



Fig. 1-A 

Januaiy 28, 1932 


VOL XXII. MO 3, JULY 1940 




828 


MATHER CLEVELAND 



THE JOURNAL OF BONE AND 


JOINT SURGERY 


TREATMENT OF TUBERCULOSIS OF THE SPINE 


829 



VOL. XXIT, SO. 3. JULY 1910 


Fig. 1-E 
January 2, 1940 



830 


MATHER CLEVELAND 


Only 23 per cent, showed clinical evidence of an abscess, while 80 per cent, 
showed roentgenographic evidence. In addition to this, post-mortem 
examination in two cases revealed an abscess which had not been dis- 
covered either by clinical or by roentgenographic means. This made the 



Fig. 2-A 

November 26, 1932 


Case 2. G. F. (St. 
Luke's Hospital, No. 
A20876), a boy, thiee 
yeais of age, was seen in 
November 1932, with tu- 
bei culosis of the sixth and 
seventh thoracic verte- 
brae, which later extended 
to include the fifth and 
eighth thoiacic vertebrae. 
On December 9, 1932, a 
six-vertebrae fusion, fiom 
the fourth thoracic verte- 
bra to the ninth thoiacic 
vertebra, inclusive, was 
done. The patient was 
kept in bed for a total of 
eleven months at St. Luke s 
Hospital and St. Luke s 
Convalescent Hospital; 
his total hospital stay 
was fifteen months. the 
latest follow-up examina- 
tion, on June 3, 193?> 
showed solid fusion, clini- 
cally and roentgenograpn- 
ically — an excellent result, 
six and one-half yeais 
after operation. 

Preoperative photographs and roentgenograms, and those taken at the latest follow-up 
are shown for comparison. 



Fig. 2-B 

December 8, 1932 
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Fig 2-C 
June 3, 1939 
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Fig. 2-D 
June 3, 1939 


known incidence of abscess 86 per cent. AVhile suppuration is a major 
phenomenon of this disease, only a small number of the abscesses required 
treatment. Repeated aspiration is the treatment of choice, although 
incision and drainage with suture of the wound may be necessary. 

The stage beyond the abscess shows clinically the presence of a 
sinus, which may have occurred spontaneously or may have been the 
result of heedless surgery. The sinus, of course, predisposes to secondary 
infection, prolonged suppuration, and, at times, death from amyloid 
disease. Twenty-two per cent, of the Sea View patients had sinuses, and 
of these over 50 per cent, have died. At St. Luke’s Hospital, only 13 per 
cent, of the patients had sinuses; in all but one case the sinuses healed, 
and the patients recovered from the disease and had excellent results. 
The patients who recovered belonged in Group A, so once again the fate 
of the patient is seen to be controlled by intrinsic factors already men- 
tioned rather than by extrinsic infections. 

Spontaneous Fusion 

Since spontaneous fusion of the vertebral bodies and laminae con- 
stitutes a criterion of healing in patients who are treated by so-called 
conservative measures, it is quite proper to consider this phenomenon m 
some detail. In my experience, the spine is the only joint invaded by 
tuberculosis which shows this attempt at reparative process. Forty-eight 
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Chart 2 

Vertebrae involved in the forty-eight patients in whom paraplegia 
developed. 



Verte- C2 C3 C4 C5 C6 C7 T1 T2 T3 T4 T5 T6 T7 T8 T9 TIO Til T12 LI L2 L3 L4 L5 S 

brae 0 0 2 3 5 6 7 7 10 12 12 16 17 17 17 24 24 20 14 8 7 6 4 2 

involved 

Verte- 1 2 2 4 7 9 11 13 12 11 13 13 17 21 18 17 17 7 10 9 5 4 3 

brae 
spontan- 
eously 

fused 

Chart 3 

Spontaneous fusion, showing in a total of forty-eight patients the relation be- 
tween vertebrae involved in the disease and those spontaneously fused. The broken 
line designates the vertebrae spontaneously fused, while the continuous line desig- 
nates those involved by the disease. The total number of vertebrae spontaneously 
fused, 226, is less than the number of vertebrae involved by the disease, 240. 

of these 203 patients, or 23.64 per cent., showed some spontaneous fusion. 
The average duration of the disease prior to operation in these forty-eight 
patients was six years and nine months, which is over twice as long as the 
average duration for all patients. These patients with spontaneous 
fusions fall into two groups: (1) those patients with a long, sharp kyphos 
with massive vertebral destruction in whom operation revealed an average 
spontaneous fusion of five or six vertebrae (this group forms the great 
majority of those patients with spontaneous fusion); and (2) those pa- 
tients with a mild kyphosis and spontaneous fusion of two or three verte- 
brae (a much smaller group). The longest spontaneous fusion encoun- 
tered was twelve vertebrae. Chart 3 shows the relation between the 
vertebrae spontaneously fused and those involved in the disease. Since 
there were 240 diseased vertebrae in these forty-eight patients and 226 
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vertebrae which spontaneously fused, one can readily appreciate that the 
disease is ahead of the reparative process. Spontaneous fusion requires 
many years and usually entails serious deformity of the spine, and in the 
end these patients are not adequately protected against the disease. 



Fig. 3-A 
June 7, 1933 


TREATMENT 

The surgical treatment of these 203 
patients has been fusion of the spine of the 
Hibbs type with a number of minor varia- 
tions in technique. Frequently addi- 
tional bone is taken from the ilium and 
occasionally from the tibia to reinforce the 
area. The function of this operative in- 
tervention is to secure early and adequate 
immobilization by an intrinsic brace of 
solid bone. In principle, it follows the 
accepted treatment for tuberculosis in 
general, — rest. The diseased area is put 
at complete and permanent rest, if the 
operative technique is successful. To 
consider the fusion of the diseased spine 
as a cure is quite erroneous. Its function 
is purely that of mechanical support. All 



Fig. 3-B 
June 2, 1931 
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TABLE II 

Age Incidence in Patients with Tuberculosis of the Spine 


Age 

(Fears) 

Sea View 
Hospital 
(Cases) 

! 

St. Luke’s 
Hospital 
(Cases) 1 

Total 

(Cases) 

1 to 10 

33 

10 

43 

11 to 20 

27 

6 

33 

21 to 30 

50 

4 

54 

31 to 40 

2S 

4 

32 

41 to 50 

23 

3 

26 

51 to 60 

10 

3 

13 

Over 60 

2 

0 

2 

Total 

173 

30 

203 


the various supportive measures must be used with bed rest for nine to 
eighteen months after operation. The fusion by surgery accomplishes in 
from six to nine months what it takes nature from five to six years to 
achieve. 

Because of inability to detect roentgenographically very early mani- 
festations of vertebral invasion by tuberculosis, it is preferable to extend 
the fusion from two apparently sound vertebrae above the diseased area 
to two similar vertebrae below. This usually means a minimal fusion of 
six vertebrae. Longer fusions may have to be done in two or more stages. 
We have a good many satisfactory four-vertebrae fusions, which have 
arrested the disease. A plaster jacket or brace helps to ensure certainty 
of success. 

The argument is frequently offered that, while fusion of the spine for 
adults with vertebral tuberculosis may be a suitable form of therapy, it is 


TABLE III 

Analysis of Deaths in Relation to Age 


Age 

(Fears) 

Sea View Hospital 

i 

St. Luke’s Hospital 

Entue Group 

Patients 

(No.) 

. Deaths 

(No.) 

1 Mortality 
j (Per Cent.) 

Patients 

(No.) 

Deaths 

{No) 

Mortality 
(Per Cen t.) 

Patients 

(No.) 

Deaths 

(No.) 

Mortality 
(Per Cent ) 

1 to 10 

33 

3 

9.09 

10 

P 


43 

fl 


11 to 20 

27 

8 

29.62 ! 

0 

I 

16.66 


9 

27.27 

21 to 30 

50 

17 

34.00 

B 

0 

0.00 

54 

17 

31.48 

31 to 40 

28 

10 

35.71 

s 

1 

25.00 

32 

11 

34.37 

41 to 50 

23 

7 

30.43 

3 

0 

0.00 

26 

7 

26,92 

51 to 60 

10 

5 

50.00 

3 

1 

33 33 

13 

6 

46.15 

Over 60 

2 

0 

0.00 

0 


0.00 

2 

0 

assa 

Total 

173 

50 

28.90 

30 

H 

13.33 

203 

54 

26.60 
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TABLE IV 

End Results of Tuberculosis of the Spine in 203 Cases 


Rating 

Patients 

Per Cent. 

Average 

Time After 
Operation 

Sea View* Hospital — 173 Cases: 





Excellent 

91 

52.00 

1 3 years, 9^> months 

Uncertain 

32 

18.49 

2 years, 8 

months 

Died 

so 

28.90 

14 

months 

St. Luke’s Hospital — 30 Cases. 





Excellent 

19 

63.33 

4 3 *ears, 9^ 

months 

Uncertain 

7 

23.33 

2 years, 7 

months 

Died 

4 

13.33 

u 

months 

Total — 203 Cases: 





Excellent 

110 

54.18 

3 years, 10 

months 

Uncertain 

39 

19.21 

2 years, 8 

months 

Died 

54 

2G.G0 

13 H months 


quite unsuitable, not to say dangerous, for children. There is nothing in 
our experience to justify such a point of view, and there is a great volume 
of evidence to contradict it. Of these 203 patients treated surgically, 
37.43 per cent, were under twenty-one years of age and 21.18 per cent, 
were in the first decade of life (Table II). The disease is essentially one 
of childhood, adolescence, and early adulthood. It is interesting to note 
that the children under ten showed a mortality of only 9.3 per cent. 
(Table III). Of the forty-three patients under ten years of age, there 
were thirteen under five. Among these infants were found some of our 
very best results. Fusion, which takes place rapidly in these youngsters, 
saves them years of hospitalization during the most important period of 
their lives. It retards deformity, although in the thoracic spine it will not 
prevent a kyphos. In this area, the deformity tends to increase until 
diseased vertebrae settle into contact with sound vertebrae above and 
below. Fusion does not retard growth, as may be seen by careful study 
of roentgenograms. Any loss in height depends upon the amount of 
vertebral destruction. The average rate of growth for our children oper- 
ated upon before the age of five years has been a little over two inches per 
year for a five-year period. The average for the normal child during this 
same period is a little under two inches per year. 

Pseudarthrosis 

Among these 203 patients, there were successful fusions at the first 
operation in 176 instances, or 86.69 per cent. Known failure of fusion, 
which was repaired, was present in 7.4 per cent., and 6 per cent, of the 
patients can only be classified as unknown in regard to certainty of fusion. 
Some of these left the hospital within a few months after operation, and 
their records are incomplete. It is altogether likely that an incidence of 
at least 10 per cent, of failure of fusion may be expected in the hands of 
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experienced surgeons, and that with lesser experience the incidence will 
be higher. 


END RESULTS 

The estimation of end results in this chronic, insidious disease is 
difficult and disappointing. After years of quiescence the patient may 
present evidence of virulent infection with tuberculosis, while the local 
joint lesion has been forgotten. To speak of these patients as being cured 
is almost as dangerous as it is to consider a cancer patient cured. We can 
speak of five-year and ten-year results, but always with some reservation. 
For a number of years we have used a simple classification which is not 
rigid and is, of course, open to criticism: 

Excellent: Those patients with solidly fused spines, but with no active 
pulmonary disease, who have left the hospital to resume a relatively nor- 
mal life. 

Uncertain: Those patients with solidly fused spines, but with active 
pulmonary disease, metastatic spread, or prolonged suppuration. Some 
of these are still hospitalized, while many have left the hospital. There 
is no feeling of security for their future. 

Died: Concerning this group there is no argument, as it includes all 
those who died of tuberculosis. 

Each time these patients are subjected to recall for study, some 
changes in rating are noted. In the most recent study, the following 
changes occurred. In the excellent group there were five changes: Three 
patients formerly considered excellent must now be rated uncertain, be- 
cause of renewed activity of the disease; and two have died of the disease, 
each six years after operation, completely symptom-free as far as their 
spines were concerned. In the uncertain group, one patient has died and 
two patients have been promoted to the excellent group, six years after 
operation. These illustrations are cited to show the difficulties encoun- 
tered in attempting to state categorically end results for these patients 
whose conditions fail to remain static. 

The great majority of our patients were operated upon at Sea View 
Hospital on Staten Island. This Hospital has no out-patient department, 
and on discharge the patients scatter through the five boroughs of the 
city. Many are transients, and they all move frequently. Often they 
are lost to follow-up. Of these 173 Sea View patients we have a 60 pei 
cent, follow-up to date. At St. Luke’s, in the smaller series, we have a 
90 per cent, follow-up to date. The end results in these 203 cases (Table 
IV) are as follows: 

Excellent, in 54.18 per cent., followed for an average of three years 
and ten months. 

Uncertain, in 19.21 per cent., followed for an average of two years 
and eight months. 

Died, in 26.6 per cent., at an average of thirteen and one-half mont is 
after operation. The smaller St. Luke’s series shows 63.33 per cent, wi 1 
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excellent results and 13.33 per cent, who died. This is explained by 
the far higher incidence of St. Luke’s patients in Groups A and B. 

In response to certain other categorical questions propounded by the 
Chairman, I shall answer as follows: 

1. Five-year results: There are fifty patients who have been followed 
for five years or more. Two of these have died, each six years after opera- 
tion. The remaining forty-eight have excellent results and have been 
followed for an average period of slightly more than seven years. 

2. Healing of vertebral lesions: This is accomplished by fusion either 
of the vertebral bodies or of the laminae with recalcification of the diseased 
bodies and subsidence of clinical symptoms. The diseased vertebrae tend 
to settle together until sound or recalcified bodies are in contact. 

3. Factors responsible for healing: The patient’s general reaction to 
tuberculosis is, we believe, the most important single factor in healing. 
If he falls into Groups A and B, his chances of healing are excellent; if he 
belongs to Group C, his chances are fair or worse; and, finally, if he falls 
into Group D, his chances are poor. 

4. Cause of death: This is usually tuberculosis. 

5. Relapses: In a small group of fifty patients with excellent results, 
with an average follow-up of seven years, only two, after six years, have 
died of tuberculosis. 


CONCLUSIONS 

I believe that surgery offers a chance to rehabilitate these seriously 
ill patients in a shorter time than any other method. Spontaneous fusion 
requires, on an average, over six years. 

The mortality in this disease is high, — 26.6 per cent, in the 263 
consecutive patients in this series. 

With adequate surgery, a high percentage of excellent results and a 
low mortality may be expected in patients in Groups A and B. 

Patients with positive sputum in Group C present a definite risk. 
Every effort should be made to control the pulmonary disease before 
surgery may be reasonably attempted. 

Patients in Group D, who have declared their group by definite 
evidence of metastatic spread, have a mortality of almost 70 per cent., 
and no surgical treatment other than emergency measures to relieve pain 
should be attempted. 

In this series, 62 per cent, of our patients were in the more favorable 
Groups A and B. The 38 per cent, in Groups C and D were carefully 
selected for surgery. This should be borne in mind, as any indiscriminate 
selection of patients for surgery from these less favorable groups will result 
in an appalling mortality. 
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TUBERCULOSIS OF THE SPINE: TREATMENT AND RESULTS 

BY HENRY W. MEYERDING, M.D., ROCHESTER, MINNESOTA 
Section of Orthopaedic Surgery, The Mayo Clime 

Our recognition of the fact that tuberculosis of the spine is a second- 
ary focus of a generalized disease has influenced our attitude m the treat- 
2 nl ".he condition by means of surgical fusion We consider surgirf 
fusion Its an aid in the treatment, not a cure, and have emphasized .« 
paramount importance of prolonged recumbency, heliotherapy, fresh an, 
and abmi'laiit good food. Our patients have frequen ly sh icivn tubeta 
lous invt.u 1 mailt of other organs of the body, especially of the hi g , 
scess formation and spinal cord irritation, with or without sinus formation, 
have at times complicated the treatment and affected t le resu s 
Although we have made a diagnosis of tuberculosis o it ie spine •- 
patients during l he twenty-three-year period from 191- to 1 , ’ 

we have performed surgical fusion for only 4S0 patients, oi - P 
In this group tf ISO patients, the average age was more than thi y y • > 
and the average duration of symptoms was 2.5 yeais, ^ this con- 
cent. of these patients had not had previous treatment. *' 1S ’ ne 

stitutes a series of eases that differ in type from those lepoi ^ , 

authors working m other orthopaedic centers. Of oui Pj 1 ’ „ 

4 per cent, were children, operation having been carnet ou p^ ^ 
during the earlier years of our experience. Only raiey '' rr y 0U t 
operation for fusion of the spine in children now, as we pie ei 

conservative measures. , • „u ca lly 

In 1911, the reports made by Albee and Hibbs weie en ^ 

received by the profession, and many surgeons, no dou t, e .^y 0 { 

surgical fusion would quickly cure the condition without tie 11 eX p Cr p 

the usual careful and prolonged conservative treatment. s ^ eCft , ue 
ence of the profession grew, however, a gradual change o a ^ 1 1 r j llC ipally 
evident, especially among those physicians whose practice was resU lts 
among children. As time passed, reliable observers ie P°* ^ jiend ers ° n 
of their treatment in surgical and non-surgical cases.. l n ’ . g n0 ^ s o 
stated: “For some unknown reason, transplantation o on^^ jgpj, 

uniformly successful in children as it is in adults.” Gh es o ^ ^^ e[ j 
was enthusiastic about the benefits of Albee bone gv alts- pus 

that the results had been better in the adult patients 1 uge 0 f the 
method than in the children so treated ; McMurray thoug ' 1 - on of the 

graft was ideal for the adult patient, especially in the lumbar is 
spine, but he used conservative treatment for childien. 11 ^ ^ ell tsfo r 
and Muro reported the results of a comparative study of se\ e w jj 0 m the 
whom operative treatment had been carried out and of sev eU . o ^ 0 f jjealhS 
treatment had been conservative ; they concluded that the pc 
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was of tin* saint* length in both groups, and they discontinued performing 
surgical fusion unless (here was some special indication for it. Kidner 
and Muro then returned to treatment by means of the Bradford frame, 
which was Used until healing had occurred 'flic after-care of those 
patients for whom surgical fusion had been performed was practically the 
same as for those for whom conservative measures had been used, and 
these authors felt that any shortening ol the pci md of convalescence w r as 
not worth while, and that the spines of the patients not operated upon 
showed more flexibility than those of patients who had had fusion opera- 
tions. Later, other authors went further and -aid that operation to 
produce fusion of the spine delay- healing of tin tuberculosis (Cato, in 
1937; McKee, in 1937; and Finkelstein, Jah— , and Mayer, in 1938). 

In 1927, Allison and others abandoned -mgieal fusion as a thera- 
peutic measure for tuberculosis of the spine in child ten Calve, Kleinberg, 
and the Commission of the American Orthopaedn ociation in 1920, as 
quoted in 1935 by Compere and Jerome, concluded that operation to pro- 
duce surgical fusion of the spine is best after prolonged conservative treat- 
ment and quiescence of the disease. Fusion ol the spine was then con- 
sidered by many as a useful splint to be applied internally as an aid in the 
healing process, the healing being judged from the roentgenograms 
(Itollier). Albee has expressed the belief that surgical fusion should be 
performed for all patients, if the risk is not too great; that vascularization 
of the graft carries an increased blood supply to the diseased region and 
thus aids in the healing process; and that paraplegia, paravertebral and 
psoas abscesses, fever (unless from secondary infection), a second focus of 
tuberculous infection, and drainage away from the field of operation are 
not contra-indications to operation. 

In 1936, Calve and Galland stated: “The evolution of Pott’s disease 
lasts a little more than three years. Throughout this period, the patient 
must remain recumbent, rigorously immobilized upon the plaster bed. 

• . . This procedure [osteosynthesis] should be carried out only at the 
end of treatment. ... If the operation is performed earlier, it interferes 
with the process of consolidation of the posterior segments of the verte- 
brae. ... It delays the evolution of the disease, but does not arrest it. 
It does not prevent increase of gibbus, formation and persistence of 
abscess, or paraplegia.” In 1935, in his Hunterian Lecture, Seddon 
stated: “When a number of vertebrae have been destroyed, angulation 
begins early and continues for years. No external form of fixation wall 
prevent this if the patient is active and in children grafts are ineffective. 
It is difficult to hold the head and chest by posterior fusion wdien acute 
angulation has occurred.” Seddon believed that rest in hyperextension 
and traction are useful; and w^hen destruction has ceased and l'ecalcifica- 
tion and improvement in definition of bone has occurred, v'hen the bones 
have fallen together, and when compensatory curves have developed and 
the disease has become quiescent, surgery may be useful. Compere and 
Jerome, in 1935, reported a series of fifty-six cases, in tiventy-eight of 
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TABLE I 

Distribution According to Age and Sex 


Age {Years) 

Patients 

Per Cent. 

Oto 9 

19 

3.96 

10 to 19 

29 

6.04 

20 to 29 

215 

44.79 

30 to 39 

133 

27.71 

40 to 49 

67 

13.96 

50 to 59 

17 

3.54 

Total 

480 

100.00 

Sex 

Patients 

Per Cent. 

Male 

299 

62.29 

Female 

1S1 

37.71 

Total 

4S0 

100.00 


which the patients were less than twelve years of age. These authors 
believed that operation gives adequate support to the spine of a child 
provided enough bone is used, — that is, if two vertebrae above and two 
below the region of involvement are included; furthermore, if there is no 
deformity before operation, it does not develop after operation. 

Time does not permit further review of the divergent opinions on the 
subject or discussion of the factors involved, yet it would appear to me 
that the clironicity of the disease and its general character demand con- 
servative treatment in all cases, especially in those in which there is a low 
resistance. Whenever progressive tuberculous invasion has occurred, the 
prognosis is uncertain at best for several years, and the condition may 
progress until there are abscesses, paraplegia, sinus formation, deformity, 
and even death, whether or not operation is performed. The facts that 
operation aids in immobilization of the spine, that patients and relatives 
cooperate better when surgical treatment has been given, that most 
orthopaedic surgeons agree that fusion is advisable as an aid in strength- 
ening the healed tuberculous spine, and that operation can be performed 
without prohibitive risk would appear indicative of its usefulness. If we 
wait until the spine has healed and then operate, we are sure to obtain 
excellent results, and the usual complications and mortality rate will have 
been agreeably lessened. 

The distribution of age and sex in the 480 cases under consideration is 
recorded in Table I. There was a family history of tuberculosis in 16 
per cent, of the cases and no such history in 84 per cent. There was a 
history of trauma to the spine in 123 cases, or 25.6 per cent. The pre- 
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TABLE II 


>Sm:s ok Tuhkhcui.osis in Cases with Positive History (241 Patients, 
50.2 Per Cent, of Total Cases) 


Sites 

Patients 

Per Cent. 

Lungs 

113 

46.89 

Peritoneum 

7 

2.90 

Spine 

17 

7.05 

Other joints 

15 

6.23 

Abscess 

14 

5. SI 

Genito-urinary tract 

20 

8.30 

Lvmph nodes 

6 

2.49 

Multiple 

49 

20.33 

Total 

241 

100.00 


dominant occupations represented were manual labor (29.3 per cent.), 
housework (22.3 per cent.), and skilled work (15.4 per cent.). The sites 
of involvement of tuberculosis in cases in which positive histories were 
obtained are listed in Table II. The duration of symptoms in the entire 
group of 480 cases is given in Table III. The respective sites of the lesions 
as determined roentgenographically are shown in Table IV. At the time 
of operation, deformity was found in 351 cases, or 73.1 per cent. 

Abscess formation was present in 250, or 52 per cent., of the 480 cases 
at the time of operation. Of the remaining 230 cases in which abscess 
formation was not noted before operation, abscess was discovered subse- 
quently in twenty-two, or 9.6 per cent. Cave reported that he found 
roentgenographic evidence of abscess formation in / 5 per cent, of his cases 
and clinical evidence of it in 25 per cent. It is our policy to leave the 
abscesses alone unless they are causing symptoms of pressure or unless 
there is bone absorption, as is found in the thoracic region. We believe 
that incision and drainage are rarely indicated and that aspiration, when 
necessary, should be performed through healthy tissue. Costotrans- 
versectomy may be of value in those cases in which thoracic abscesses 
have caused erosion of bone with irritation of the cord. We do not feel 
that the presence of an abscess is a contra-indication to operation, on the 
contrary, we agree with some who believe that it is an indication (Cato, 
Albee). When the patient’s general resistance is good, the abscesses seem 
to absorb more rapidly following fusion. Sinuses heal best when the 
patient is treated by immobilization and heliotherapy. When an abscess 
forms postoperatively, it is not necessarily caused by operation, the 
abscess usually is present and unrecognized until an increase in size or 

calcification occurs and is noticed. 

Ornstein and Ulmar, in 1935, were amazed at the extensiveness of 
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TABLE III 
Duration of Symptoms 


Duration * 

Patients 

Per Cent. 

0 to 5 months 

37 

7.71 

6 to 11 months 

42 

8.75 

1 to 2 years 

113 

23.54 

2 to 3 years 

86 

17.92 

3 to 4 years 

55 

11.46 

4 to 5 years 

43 

S.96 

5 years and more 

104 

21.66 

Total 

4S0 

100.00 


* Mean duration =2.5 years 


tuberculous destruction of vertebral bodies that can exist without symp- 
toms or signs of tuberculosis of the spine and without roentgenographic 
findings. Whitman found multiple foci of infection in the spine in sixteen 
cases of a series of 1355 patients, and Peabody reported them in thirteen 
of a series of 312. Finkelstein and his coworkers stated that in their 
series of cases, abscesses developed in 20 per cent, of those patients for 
whom operation was performed and in 18 per cent, of those not treated 
surgically. 

At the time of examination there was evidence of paraplegia or spinal 
irritation in eighty-four, or 17.5 per cent., of our 480 cases. Butler found 
that 11.4 per cent, of his 801 patients, seen at four English hospitals, had 
had the same complications. For those patients who were seen early, 
treatment was primarily conservative, unless abscess formation caused 
pressure absorption of bone with symptoms that progressed in spite of 
conservative care. In such instances, costotransversectomy may be of 


TABLE IY 

Site of Lesion, as Determined Roentgenographically 


Regions Involved 

Patients 

Per Cent. 

Cervical 

1 

0.21 

Cervicothoracic 

2 

0.41 

Thoracic 

200 

41.67 

Thoracolumbar 

78 

16.25 

Lumbar 

199 

41.46 

Total 

4S0 

100.00 
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TABLE V 

Five-Year Results with Various Operations (396 Traced Patients out of 480 

Operated on) 


Condition Five Years 
after Operation 

II 

Total 

Operations 

Albee 

Massive Graft 

Hibbs Fusion 

Osteoperi- 
osteal Graft 

Pa- 

tients 

Per 

Cent. 

Pa- 

tients 

Per 

Cent. 

Pa- 

tients 

Per 

Cent. 


wm 

Rplp3i 

Good, able to work 

252 

63 64 



19 

57.58 

I 6 

60 00 



7.83 

26 

7 36 

4 

12 12 


10 00 

Temporarily improved, re- 
lapsed 

15 

3 79 

13 


i 

3 03 

1 

10 00 

Not improved 

25 

6 31 

21 

5 94 

3 

9 09 

3 


Died within less than 5 years 

73 

18 43 

66 

18 69 

6 

18 18 

i 

1 10 00 

Total 

396 


353 


33 


m 



value. Patients with mild symptoms may experience paraplegia, due to 
the frequency with which the disease is situated in the thoracic spine where 
respiration causes continuous movement. The majority of all patients 
will respond to sun treatment and immobilization. The operation to 
produce fusion of an involved region of the spine, if undertaken at all, 
should be performed with the utmost care, and the chisel should be used 
without undue trauma to tissue and bone. Seddon, in 1935, stated his 
opinion concerning laminectomy; he said that it “is to be condemned; the 
results are appalling”. He, however, believed that it is indicated in some 
instances. Bennett believed that it is indicated for patients with para- 
plegia when there is no response to conservative treatment and when the 
Queckenstedt test is positive. Cave thought that spinal irritation or 
paraplegia, in the majority of cases, is due to constriction resulting from 
tuberculous granulation tissue or pressure oedema and rarely to bone de- 
formity, and he favored conservative treatment. We have noted that 
spinal irritation and paraplegia afflicted principally those patients who 
had neglected proper care of themselves. 

Fracture of a bone graft occurred in sixteen patients within five years 
of the time of operation; in seven of these, a second operation resulted 
satisfactorily. Several had had a second operation elsewhere. It was 
noted that there was an increasing deformity postoperatively in thirteen 
cases; in fourteen, there was drainage postoperatively with partial loss of 
the graft in six. Our surgical mortality in this series of 480 patients was 
less than 1 per cent. 

The interpretation of the results of treatment of tuberculosis of 
the spine — classifying the patients into two groups, those treated surgi- 
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cally and those treated by conservative methods — is an extremely difficult 
problem even under the best of circumstances. Possibly one might better 
say the conservative method and the conservative method plus surgical 
treatment, for the majority of orthopaedic surgeons have recognized that 
prolonged rest in recumbency, heliotherapy, and a nutritious diet are the 
primary basic forms of treatment and that surgical fusion is an aid in 
strengthening the natural ankylosing process. Many of our patients 
come from rural districts that are a considerable distance from the Clinic, 
and the majority of them have received little or no treatment. They are 
principally adult workers who have had symptoms for some time. In such 
a group of patients it is difficult to supervise postoperative care, and it is 
necessary for us to rely on the cooperation of the patient, the relatives, 
and the local physician. Furthermore, the average duration of symptoms 
of two and one-half years, during which time there was lack of treatment 
in 56 per cent., would indicate that the majority of these patients would 
have experienced considerable destruction of bone with complications 
such as deformity, abscesses, and irritation of the spinal cord. 

Inasmuch as our patients, in many instances, come to the Clinic 
without having had a diagnosis made and are unable to remain here for 
hospital care over a period of years because of economic reasons, we must 
give the best advice and treatment possible in the short time available 
and then refer them back to their local physicians for further postoperative 
care. Many times, patients who have had no care prior to their registra- 
tion at the Clinic come for examination and diagnosis and expect to return 
home and have treatment there. An estimate of the subsequent care and 
the results obtained in such cases is difficult to determine unless the pa- 
tient returns for examination or a report is obtained by correspondence. 
Of this series of 480 patients, we have been able to trace 396 for a period of 
five years or more. We have judged the result good when the patient 
has been able to return to an occupation, although not necessarily to the 
one which he may have been engaged in prior to operation. It is inter- 
esting to note, however, that many patients were able to return to an oc- 
cupation in which hard labor was required. It will be noted in Table V 
that 63.64 per cent, of the results have been classified as good, irrespective 
of the type of operation performed, and the results in those cases in which 
the patient had massive bone grafts were slightly better. There was im- 
provement over the original condition in 7.83 per cent., no improvement in 
6.31 per cent., and death had occurred within less than five years in 
18.43 per cent. There was temporary improvement in 3.79 per cent., but 
this was followed by relapses. 

Of the twenty-eight patients, who were less than sixteen years of 
age and who were operated on during the twenty-three-year period from 
1912 to 1934, sixteen had had conservative treatment prior to their regis- 
tration at the Clinic; one had had a manipulation, one had had a tubercu- 
lous lymph node removed, and ten had had no treatment. The site of the 
lesion was in the cervicothoracic region in one; in the thoracic region, in 

THE JOURNAL OF BONE AND JOINT SURGERY 



TREATMENT OF TUBERCULOSIS OF THE SPINE 


847 


thirteen; in the thoracolumbar region, in five; and in the lumbar region, in 
nine. At operation, massive grafts were applied to the spine in eighteen 
of these eases; a Hibbs fusion operation was performed in six; a Hibbs 
operation and massive graft, in two; and osteoperiosteal grafts, in two. 
The mean duration of the disease was twenty-one months, and in all 
cases deformity had occurred. One patient died of shock three days post- 
operatively. In twelve of these twenty-eight cases, the results were good; 
there was improvement in two, temporary improvement with relapse in 
one, and no improvement in four; four patients died within five years of 
date of operation, and we lost track of five. Abscesses were present in all 
cases preoperatively. These patients came for an opinion and treatment 
and remained in the hospital, as a rule, for only a few weeks, when they 
returned home to continue treatment under the care of their physician. 
No doubt, had they remained in an institution where continuous ortho- 
paedic treatment would have been carried out, the results would have been 
better than they were. It is fortunate that in recent years children are 
given the opportunity of hospitalization where prolonged preoperative 
and postoperative care, as well as conservative care, are given when 
indicated. 

In reviewing the records of this group of surgical cases, we were im- 
pressed by the fact that the result often appeared excellent and the patient 
felt that he had been cured, when some infectious process, such as in- 
fluenza, caused debility or injury or excessive strain and resulted in a 
relapse. On the other hand, some were able to carry on the heaviest 
type of labor, such as farm work and that of a telegraph lineman, without 
apparent harm. 

The results of any analysis of cases in which the patients are treated 
by surgical fusion will depend on the author’s interpretation of the facts 
and the duration of relief from symptoms, and will vary as to whether the 
results are tabulated at the end of one, three, five, or more years. Inas- 
much as it is a common practice to report the results of treatment at the 
end of five years, I have done so in this report. Furthermore, the results 
are variable according to the method used in interpreting just what is a 
cure. When do we know that a patient who has had tuberculosis is cured? 
The spine may be fused posteriorly and the disease may appear quiescent, 
the patient may return to work and consider himself well, the roentgeno- 
grams may even appear to show evidence of calcification and absorption 
of the abscess, fever may have abated, and all pain may have been allevi- 
ated, yet living organisms persist in the region that has been affected by 
the disease. When fusion is produced, the region of involvement in the 
spine is immobilized, thus effecting something which no other form of 
fixation, such as that obtained by means of plaster jackets, braces, or re- 
cumbency, can bring about. In such cases, respiratory motion and other 
muscular movements no longer add their trauma to an already diseased 
tissue. Why, then, is it that we have heard so much about the failure of 
fusion? We cannot eradicate the disease in the spine as we do in some of 
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the more exposed articulations such as the knee, and we have no specific 
medication to produce a cure. These facts leave only the alternative of 
employing the conservative or the surgical-fusion methods of treatment, 
or a combination of the two. We believe that in selected cases a combi- 
nation of the two forms of treatment offers the best result. 

In 1919, 1 reported a series of 100 cases, in which the patients had had 
surgical fusion of the spine, and I expressed the following opinion: “It has 
been our experience that the most favorable results are to be obtained by a 
proper selection of patients to be operated on and the continuance of the 
conservative treatment after operation until, in the judgment of the sur- 
geon, the disease process has been arrested. The bone graft used in our 
cases was curved to fit the deformity. The very young and those adult 
patients who present formidable complications are treated conservatively. 

. . . Patients under five and adults who present complications, such as 
sinuses and pulmonary tuberculosis, should be treated by means of the 
Bradford frame . . . until the disease has been arrested. ... In some 
instances when the general condition has improved, but the symptoms of 
spinal disease remain unarrested after such treatment, bone graft opera- 
tion may be resorted to with benefit and the braces afterward removed. 

. . . The Rollier sunshine treatment should be urged, and it should be 
instituted while the patient is under control. All patients treated by 
recumbency should be kept in an institution long enough to instruct the 
parents or other relatives with the method.” When such a regimen is 
carefully followed, the combined methods of treatment should result in 
added benefit to the patient. Some patients are doomed in spite of 
having had the benefit of the best institutional care, and this, in many 
instances, is due to the lateness of diagnosis and the presence of advanced 
tuberculosis in other organs at the time of consultation. 

Again, I wish to emphasize the difference between the practice of the 
orthopaedic surgeon who cares for institutional cases and deals principally 
with children and the more diverse practice of the orthopaedic surgeon 
who deals with adults. In my experience, many of these adults have been 
unable to obtain an early diagnosis and they continue to work until evi- 
dence of kyphosis or spasticity is apparent. When confronted with the 
necessary prolonged treatment in recumbency, such patients are anxious 
to grasp at any method which might promise relief of symptoms in a 
shorter period of time. The fusion operation has afforded structural 
support when properly applied and should be given the credit of being an 
important aid in treatment in some cases, and more especially for selected 
adult patients in whom the disease is not too advanced and whose general 
condition is satisfactory. I admit my failure to apply the word ‘ cure m 
this report; like many, I have found that some patients with the so-called 
cures have sometimes had relapses in spite of the type of treatment. On 
the other hand, by using the five-year basis for the report and by employ- 
ing the classification illustrated in Table V, I think that I have conveyer 
some idea of what actually has happened. 
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SUMMARY 

Operation to produce surgical fusion of the spine is a comparatively 
safe procedure. It may be performed without danger of aggravating the 
disease process. It aids in giving stability to the diseased portion of the 
spine. It does not necessarily prevent extension of the disease, formation 
of abscess, irritation of the spinal cord, or paraplegia among patients whose 
resistance is not good. It is best to delay spine fusion for children who are 
sick; then, when the process becomes quiescent, spine fusion can be em- 
ployed as an internal splint to aid in ankylosis. The results of spine 
fusion as a treatment for tuberculosis of the spine are probably better in 
adults than in children. An operation that produces fusion of the entire 
region of involvement gives better immobilization and, consequently, 
better results than does one that effects fusion of a more limited region. 
It is often impossible, in the early stages of tuberculosis of the spine, to 
determine the exact extent of the process either by clinical or by roent- 
genographic examination. 

At the end of five years, 396 of our 480 patients had been traced; of 
these 396 patients, 63.64 per cent, had returned to an occupation, 7.83 
per cent, had obtained improvement, 3.79 per cent, had had temporary 
improvement with relapse later, 6.31 per cent, had had no improvement, 
and 18.43 per cent, had died. 

The best results are obtained when patients are carefully selected for 
operation, when spine fusion is employed during the period of healing of 
the disease, and when such treatment is reinforced by conservative treat- 
ment for a prolonged period of time. 

The paramount requirement for every patient who has tuberculosis 
of the spine is rest, heliotherapy, and a nutritious diet. No surgical 
treatment can offset the value of conservative treatment. 
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TUBERCULOSIS OF THE SPINE 

End-Result Series Studied at Children’s Memorial Hospital, 

Chicago 

BY FREMONT A. CHANDLER, M.D., AND MANLEY A. PAGE, M.D., 
CHICAGO, ILLINOIS 

In the presentation of end-result studies of any pathological condi- 
tion, the investigator is bewildered frequently by the multitudinous 
phases of the disease process and the unending variety of channels of 
thought which are opened at every turn. He must of necessity restrict 
his efforts to an impartial interpretation of facts as they have been re- 
corded over a considerable period of time. These facts or observations 
are registered by many different individuals with varying points of view 
and often with diverse interests. The medical man naturally sees the 
progress of disease from a different perspective than does the orthopaedic 
surgeon. His observations often complement those of the surgeon and 
because of this give a more complete portrayal of the events. These 
varied observations should be incorporated in the presentation of any 
review made to evaluate any plan of therapy. The inadequacy of even 
the best of records is glaring. The failure of well-planned, long-time 
supervision and the inevitable loss of follow-up in a certain number 
of cases is known to all. The findings presented under the term of “end 
results” are not necessarily facts but the interpretations and conclusions 
of the observer, and as such are far from infallible. The general conclu- 
sions drawn from varied presentations, as in this symposium, will become 
our guideposts in future efforts in this field of spine surgery. 

The cases analyzed in this paper were seen at the Children’s Memo- 
rial Hospital in Chicago during the years 1930 to 1934, inclusive, and 
have been observed to the present time, — a follow-up of from five to ten 
years. This Institution is a general children’s hospital with an average 
occupancy of about 170 patients and a large Out-Patient Department. 
Few patients have access to institutions especially designed to provide 
adequate convalescent care. Patients are given care through their 
twelfth year and are then transferred to other clinics. This is a most 
unfortunate arrangement for the continuation of proper surgical super- 
vision and is a barrier to prolonged “follow-up” study. The pressure of 
patient volume, age limits, etc., have their influence on methods of 
treatment and should be kept in mind. 

Our conception of tuberculous spondylitis may be summarized as 
follows : 

1. It is a secondary pathological lesion, — an infectious lesion of the 
spine in a patient who otherwise is tuberculous. 

2. The course of development of the spinal lesion parallels that of 
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tuberculous lesions elsewhere in the body, except for the rigid character 
of the host tissue and the unique mechanics of the spine. 

3. Healing results from the summation of the following factors : 

a. The inherent immunity of tissue to this infection; 

b. The reaction of cellular elements adjacent to the lesion, 
round-cell infiltration, fibrosis, etc.; 

c. The physicochemical processes contributing to calcifica- 
tion. 

4. The favorable outcome of such a lesion should not be referred to 
as healing in the sense that this term suggests complete obliteration of 
the infecting organism. 

We have attempted to keep these factors in mind throughout our 
treatment of tuberculosis of the spine and have consulted frequently with 
physicians specializing in pulmonary disease as well as with thoracic 
surgeons, who have a surgical approach to their problem not dissimilar to 
that of the orthopaedic surgeon. The object of both of these special 
surgical approaches is : first, to facilitate natural healing processes by the 
obliteration of the area of pathology by fibrosis and calcification; and, 
second, to preserve physiological functions to the greatest possible degree. 
The question of deformity resulting from the tuberculous lesion is the 
point at which the thoracic surgeon and the spine surgeon diverge from 
otherwise parallel courses. The thoracic surgeon invites deformity of 
that portion of the lung by employing every possible means at hand to 
permit collapse and consolidation of the pathological area. To this end, 
pneumothorax, section of the phrenic nerve, thoracoplasty, etc., are widely 
employed. The compensatory expansion of the adjacent lung minimizes 
the deformity produced. 

In contrast to this course, the orthopaedic surgeon devotes his major 
efforts to the prevention of deformity by a great variety of manipulative 
and operative procedures and apparatus. We should consider the possi- 
bility of our having underestimated the significance of deformity in the 
ultimate healing of the tuberculous spinal lesion. In our efforts to pre- 
vent deformity and the resultant collapse of the diseased area, is it not 
possible that we have actually interfered with basic healing and have 
delayed or prevented recovery? It is true, however, that bone will 
regenerate to some degree, especially if subjected to physiological strain. 

In our cases we have tried to reach a mean between the extremes 
of therapy suggested. We desire a measure of collapse with the resulting 
deformity to facilitate obliteration of the disease area, at the same time 
hoping to keep it minimal in degree. We also hope to prevent the occur- 
rence of gross deformities: first, by early diagnosis; second, by the institu- 
tion of the most positive therapeutic measures at our command; and third, 
by the early resumption of normal activity to permit natural compensatory 
changes of normal tissues. 

We agree with all the accepted nutritional hygienic and supportive 
measures and, with some reservations, with the principle of rest. We seek 
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the amount of rest compatible with normal physiological functioning of 
the patient as a whole. Absolute rest is accompanied by atrophy even of 
normal structures and necessarily by impairment of their normal physi- 
ology. Frequent postural changes and active use of the extremities are 
encouraged. Every effort to splint the area of disease itself is carried out. 
This can be done best by surgical fusion of the involved area of the spine, 
providing the operation is not shock-producing or devitalizing to the 
patient. 

All patients whose cases are diagnosed as tuberculosis of the spine in 
our Clinic are admitted to the Hospital at once and are subjected to 
thorough examination by a member of the medical staff. The lungs, 
kidneys, and tonsils are examined for possible tuberculous foci Ad- 
juvant medical and nutritional measures are instituted, and the patient is 


TABLE I 

Sex and Race Incidence in Cases Treated by Spine Fusion 


Sex 

Cases 

Per Cent. 

Male 

16 

41 03 

Female 

23 

58 97 

Total 

39 

100 00 

Race 

Cases 

Per Cent 

White 

35 

89 74 

Negro 

4 

10 26 

Total 

39 

100 00 


given bed rest, supported only by a fracture board, which replaces the 
usual bed spring. These measures are continued for several weeks until 
the general condition of the patient either is definitely on the upgrade or 
fails to show a favorable reaction to this regimen. The patient is then 
subjected to a rapid, gentle spine fusion of the diseased area, preceded by 
thorough preparation and followed by supporting postoperative measures. 
At operation, particular care is used to avoid unnecessary pressure or 
trauma. Bone chips are removed without a mallet. Hemostasis is 
secured by gentle packing. The patients are operated upon in the fore- 
noon and, as a rule, are taking their regular diet by evening. Supportive 
measures are continued as long as necessary, usually fiom twenty-four 
to forty-eight hours. They are then returned to regular ward care v ith 
no restrictions other than the maintenance of a horizontal position on a 
fractui e-board bed. Calcium in the form of dicalcium phosphate, cod- 
liver oil, hydrochloric acid, milk, and iron are given in addition to a gen- 
erous nutritive diet. Occasionally a blood transfusion is employed. 
After a period varying from three to eight months, a gradual resumption 
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TABLE II 

Duration op Disease * before Fusion Operation 


Period 

(Years) 

Cases 

Per Cent. 

1 or less 

16 

41.03 

1 to 2 

8 

20.51 

2 to 3 

3 

7.69 

3 to 4 . 

4 

10.26 

4 to 5 

2 

5.13 

5 to 6 

3 

7.69 

6 to 7 

2 

5.13 

7 to S . . ... 

i 

2.56 

Total 

39 

100.00 


* Estimated. 


of the upright position is permitted. The back is supported by a spine 
brace. These periods of activity are lengthened as tolerated. In most 
instances, the patients are returned to their homes with instructions re- 
garding rest periods, cod-liver oil, calcium, etc. They are then followed 
at frequent intervals in the Out-Patient Department. 

Thirty-nine consecutive cases, treated at the Children’s Memorial 
Hospital during the years 1930 to 1934, inclusive, were selected for study. 
The end results at the termination of from five to ten years are herein 
reported. These were studied and compared with those in thirty-six 
conservatively treated cases observed at the same Hospital during the 
previous five-year period. Because of the transfer of these latter cases to 
several other clinics, final end-result studies were impossible. 

Of the thirty-nine cases in the .1930-1934 group, 41.03 per cent, were 
males and 58.97 per cent, were females; 89.74 per cent, were white and 
10.26 per cent, were negroes (Table I). The majority were of central or 
southern European stock, corresponding to the nationalities served by this 
Hospital. All came from families whose monthly incomes were less than 
$125.00. The approximate age at onset varied from one to ten years, 
with an average of three years. Special efforts were made to establish 
possible contacts with known tuberculous cases at home. In twenty-five, 


TABLE III 

Complications on Admission 


Complications 

Cases 

Per Cent. 

Spinal abscess 

27 

69.23 

Primary pulmonary tuberculosis . . . 

24 

61.54 

Active pulmonary tuberculosis .... 

5 

12.82 

Keratitis. . 

2 

5.13 

Paraplegia 

3 

7.69 
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no known contact could be established. In fourteen, or 36 per cent., of the 
cases, positive histories of contact with one or more members of the 
household having active pulmonary disease were found. In ten cases 
deformity was the presenting symptom. Other patients complained of 
painful walking, pain in the hips, back pain, abdominal pain, restless 
nights, and night cries in varying degrees of severity. Many of these pa- 
tients had been seen by physicians previously without recognition of the 
pathology of the spine. 

An estimate of the duration of the disease of the spine (Table II) was 
based on the duration of symptoms and the deformity present, as revealed 
on questioning the parents. 

On admission, thirty-seven patients showed positive tuberculin reac- 
tions to human-type tuberculin either by the von Pirquet or by the 
Mantoux test. One patient showed a negative reaction to human-type 
tuberculin, but a positive reaction to bovine tuberculin. No record was 
made in one case. 

Roentgenograms of the chest were taken on admission in all cases. 
Twenty-four patients, or 61.54 per cent., presented healed primary pul- 
monary lesions; five, or 12.82 per cent., showed active pulmonary lesions. 
The films in the remaining ten were interpreted as negative for pulmonary 
pathology. Two patients had keratitis, and three had paraplegia. (See 
Table III.) 

Roentgenograms on admission showed that two vertebrae were 
involved in twenty-three cases; three, in eight cases; four, in three cases; 
five, in four cases; and nine, in one case. In all, 111 vertebrae were in- 
volved, as follows: 


Vertebrae Cases 

Thoracic: 

1 2 

II 2 

III 3 

IV 3 

V 3 

VI 5 

VII 10 

VIII 10 

IX 11 

X 13 

XI 14 

XII 8 

Lumbar: 

1 6 

II 4 

III 7 

IV 6 

V 3 

Sacral: 

1 1 

Total Ill 
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TABLE IV 
Age at Operation 


Age 

{Years) 

Cases 

Per Cent. 

1 to 2 

1 

2 56 

2 to 3 

2 

5 13 

3 to 4 

6 

15.38 

4 to 5 

7 

17.95 

5 to 6 

5 

12.82 

6 to 7 

2 

5.13 

7 to 8 

4 

10.26 

8 to 9 

2 

5.13 

9 to 10 

3 

7.69 

10 to 11 

5 

12.82 

11 to 12 

2 

5.13 



Total 

39 

100.00 



Roentgenograms of the spine revealed abscesses in twenty-seven cases, or 
69 per cent. These were graded on a 1 to 4 basis according to size, as 
follows: 

Grade Cases 



At the present time the abscesses, have disappeared in ten cases, have 
calcified in nine cases, have diminished in size in three cases, and have 

TABLE V 


Period between Operation and Walking with Brace 


Period 
( Months ) 

Cases 

Per Cent. 

2 

1 

2.56 

3 

6 

15.39 

4 

5 

12.82 

5 

10 

25.64 

6 

4 

10.26 

7 

3 

7.69 

8 

2 

5.13 

11 

13 

i 

i 

2.56 

2.56 

Total 

33* 

84.61 


===== 


* In 4 cases, 10.26 per cent., there was no record, and in 2 cases, 5.13 per cent., e 
patients died before walking was permitted. One patient with paraplegia, able to e U P 
in a wheel chair, is included in the 33 cases. 
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TABLE VI 
End Results 


Result 

Cases 

Per Cent. 

Good: 



5 to 9-year follow-up 

25 


3-year follow-up * 

4 

10.26 

Poor: 



Continued activity of the disease . 

3 

7.69 

Paraplegia 

1 

2.56 

Death ■. 

6 

15.39 

Total 

39 

100.00 


* At the end of this period, these patients were lost track of. 


remained the same in roentgenographic appearance in five cases. The size 
of the abscess had no direct relation to the number of vertebrae involved. 
In no case did an abscess develop during the course of observation. The 
smaller abscesses disappeared, while the larger ones calcified or remained 
unchanged in their roentgenographic appearance. The angulation of the 
spine at the time of admission was measured in thirty-eight cases. In six 
cases the angle was between 70 and 110 degrees; in six, between 110 and 
140 degrees; in fourteen, between 140 and 160 degrees; and in twelve, be- 
tween 160 and 180 degrees. The latter group revealed a loss of lordosis 
in the lumbar spine. In nineteen cases there was an increase of less than 
10 degrees over the follow-up period of five to ten years, while in ten there 
was no increase in the initial deformity. The others showed an increase 
of from 10 degrees to as much as 35 degrees in one case. These measure- 
ments were taken from the normal surfaces of the involved vertebrae and 
do not reflect the compensatory curves developing in the adjacent normal 
bone. Patients with an angle of as much as 140 degrees showed little or 
no external kyphosis. 

Paraplegia was present in three cases at the time of admission, but no 
further paraplegia has developed since. Of these three patients, two have 


TABLE VII 
Analysis of Deaths 


Case No. 

Cause of Death 

Postoperative 

Period 

1 

Pulmonary hemorrhage 
Cardiac amyloidosis 
Tuberculous meningitis 
Tuberculous meningitis 
Tuberculous meningitis 
Tuberculous amyloidosis 

5 years 

4 years 

4 months 

10 

17 

32 

20 months 

35 

12 months 

39 

7 months 
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reflects collapse of weakened bone structures as well as altered bone 
growth resulting from epiphyseal destruction. 

The importance of the operation in these eases must be accepted with 
a proper perspective. At best, it is only a minor incident. In this small 
series we believe that it has been helpful. 

The disappearance of abscesses or their calcification are most favor- 
able signs. If the patient shows a normal return to a tolerance of all 
normal activities and the disappearance of symptoms, the result may be 
considered good. We do not use the term "cured ” in any instance. This 
means that the follow-up of a case of tuberculosis of the spine should be 
life long. 
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TUBERCULOSIS OF THE SPINE IN CHILDREN 


A Review of Sixty-Three Cases from the Lakeville State 

Sanatorium 

BY Z. B. ADAMS, M.D., * BOSTON, MASSACHUSETTS 

This is an analysis of sixty-three cases of tuberculosis of the spine 
treated at the Lakeville State Sanatorium. All of the patients were 
under twelve years of age at the time of admission to the Sanatorium, and 
all have been discharged for at least five years. Twenty-five of these 
patients have died, either while at the Sanatorium or since discharge, and 
thirty.-eight have recovered. Thus the percentage of deaths is 40 and 
that of recoveries is 60. 

STATISTICAL ANALYSIS 

Patients Who Died 

Of the twenty-five patients who died, sixteen reacted to both human 
and bovine tubercle bacilli; seven, to the human type alone; and two to 
the bovine type alone. 

The regions of the spine which were involved were as follows: cervical, 
one case; high thoracic, two cases; low thoracic, ten cases; and lumbar, 
twelve cases. 

Among these twenty-five cases, there were the following complicating 
conditions: paraplegia, six cases; tuberculosis of the hip, three cases; 
tuberculosis of the knee, one case; tuberculosis of the ankle, one case; 
tuberculosis of the kidney, one case; and tuberculous ophthalmia, one 
case. 

Roentgenographic examination showed the presence of abscesses m 
seventeen cases and no abscesses in eight cases. 

The Hibbs fusion operation was performed in two cases; the Albee 
bone-graft operation was done in four cases; laminectomy was carried out 
in three cases ; and in one case the nature of the operation is not known. 

Patients Who Are Living 

Of the thirty-eight patients who are still living, there was a positive 
skin reaction to both human and bovine tubercle bacilli in twenty-six; 
to the human type alone, in seven; and to the bovine type alone, in five. 

The involvement of the spinal regions was as follows: cervical, one 
case; high thoracic, nine cases; low thoracic, thirteen cases; lumbai, 
fourteen cases; and sacral, one case. 

The complicating conditions in this group consisted of: pulmonary 
disease, five cases; paraplegia, two cases; cervical glands, two cases; tuber- 
culosis of the hip, two cases; sacro-iliac tuberculosis, one case; tubercu- 
losis of the ankle, one case ; tuberculous mastoiditis, one case ; tuberculous 
otitis media, one case; and phlyctenular keratitis, one case. 

* Deceased. 
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Roentgenographic examination revealed the presence of abscesses 
in twenty-four cases and no abscesses in fourteen. 

In fourteen of these cases the Albee bone graft was employed; in 
six, the Hibbs fusion operation was performed; in five, osteoperiosteal 
grafts were used; and in the remaining thirteen cases, no operation for 
locking the spine was carried out. Four patients had had sinuses that 
had discharged and healed. 

GENERAL CONCLUSIONS 

The study of this disease shows that the micro-organisms of tuber- 
culosis can reach the spine only through the blood stream. The original 
site of entry is difficult to determine at the stage of the disease when a 
spinal lesion makes itself known. Later the appearance of calcified 
glands in some part of the body may be a clue to the original place of 
entry. The caries of the spine is a local nidus of a general disease. When 
the lesions in the spine are multiple — sometimes two, three, or four distinct 
foci, separated by normal areas — or accompanied by tuberculous lesions 
in the hip, knee, ankle, or some other site, in my opinion the mortality is 
due not to the lesion or the extent of the lesion, but to one of two factors: 
(1) the low resistance of the individual, or (2) a highly virulent strain 
of the tubercle bacillus. The use of sulfanilamide in these cases is not 
warranted. It clears up the intercurrent infection, if there is a mixed 
infection, but it does not attack the tuberculous organism because of its 
waxy capsule. 

The healing of the spine does not prevent the development of com- 
plications, of other foci in the spine, or of foci in other joints or in the kid- 
ney or lungs. Efforts to heal these patients should include the building 
up of the general condition and the healing or removal of the local foci. 

It is my belief that if a kyphos has developed, due to the collapse of 
the vertebral bodies, it is not wise to correct the deformity by forcing the 
collapsed vertebrae apart. Prevention of the collapse is warranted and 
should be attempted, but an empty space in the anterior column should 
not be produced. Healing by solid bony fusion in the diseased area re- 
quires time, — a much longer period than is usually allowed. The roent- 
genograms of the spine do not always show the full extent of the disease, 
for infiltrated bodies may be present without any narrowing of the discs 
or other roentgenographic evidence. Careful and thorough fusion of the 
laminae produces an internal splint and is an aid in the healing of the 
disease. These fused areas will bend, and no weight should be put on the 
bodies in the center of the kyphos until the healing is well advanced. 

We never operate on debilitated patients; we wait until the general 
condition has improved. In tuberculosis of the lumbar spine in children, 
where the process apparently has started in the disc and has invaded the 
bottom of the vertebra above and the top of the vertebra below, solid bony 
fusion will result in a comparatively short time — two or three years — 
without any operative interference. 


VOL. XXII. NO. 3. JULY 1940 



END RESULTS OF TREATMENT OF POTT’S DISEASE 


B1 R I. HARRIS, M B., F.R.C.S. (c), AND H. S. COTJLTH ARD, M.B., 
TORONTO, ONTARIO, CANADA 

A brief statement regarding the work which is being done on Pott’s 
disease at Weston Sanatorium is necessary in order that the subsequent 
data may be interpreted clearly. 

Weston is a suburb of the city of Toronto. The Sanatorium has 
been in existence for thirty-six years but only during the past nine yearn 
has it provided facilities for the treatment of surgical tuberculosis. The 
suigieal unit is closely associated with the Department of Surgery of 
the Univeisity of Toronto. Adequate facilities are provided for the 
treatment of all phases of tuberculosis by surgical measures. To this 
institution come patients of all ages with bone and joint tuberculosis, 
from all parts of Ontario. 

Available for this review are eighty-five cases of Pott’s disease in 
v Inch treatment was commenced not later than January 1935. Wc have 
lost contact with five of these patients; four of them have been deported 
as undesirable aliens, and one we have been unable to find. The remain- 
ing eighty cases have all been reviewed within recent months and the 
data so obtained is the basis of this report. (See Table I.) 

B ASIC PLAN FOR TREATMENT OF POTT’S DISEASE AT WESTON 

Our approach to the problem of the treatment of Pott’s disease has 
been guided by a basic plan, the outline of which must be given in order 


TABLE I 

Analisis of Cases from Weston Sanatorium by Age Groups 
Treated in or before January 1935 * 


Age (Years) 

No. of Cases 

Totals 

Pei Cent 

2 to 5 

7 



6 to 10 

2 



11 to 15 

4 

13 

16 25 

16 to 20 

6 



21 to 30 

36 



31 to 40 

16 

5S 

72 50 

41 to 50 

2 



51 to 60 

4 



61 to 66 

3 

9 

11 25 


* Total cases tieated and dischaiged, 85; total followed and forming the basis of 
this analysis, SO. 
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that our figures may be interpreted properly. It is our belief that all 
cases of Pott's disease are best treated by a combination of conservative 
and surgical measures unless the patient’s condition renders him unfit 
for surgery. Our contribution to this symposium, therefore, is con- 
cerned chiefly with patients upon whom spine fusion has been per- 
formed as an important part of their treatment. It is true that a certain 
number of our cases have been treated by conservative measures only, 
and the results are reported here also. The results in these instances are 
scarcely a fair picture of what might have been obtained under different 
circumstances, since nearly all of these patients were so treated because, 
due to extensive disease elsewhere, secondary infection, or other com- 
plications, they were poor surgical risks. They were the poorest risks 
among our patients. This explains to a considerable degree the less 
favorable results. 

On the other hand, the results which we have obtained by rest and 
spine fusion represent a fair example of what can be accomplished by 
this method of treatment. Unless there were important contra-indica- 
tions, every case of Pott’s disease was so treated. Our adherence to this 
plan of treatment is based upon the belief that rest is the most important 
agent in the cure of tuberculosis. In the last analysis, the patient cures 
himself by his own mechanism of defense. His powers of resistance 
against the infection can be greatly enhanced by certain measures proved 
valuable by years of clinical experience. Of these, rest is by far the 
most important. The more complete and the more prolonged the 
rest, the greater the certainty of cure. Spine fusion is of value because, 
properly performed, it maintains rest in the diseased segment of the spine 
more efficiently than does any other method, and does so for the remainder 
of the patient’s life. It is our opinion that rest obtained by spine fusion 
ensures cure of Pott’s disease (1) more rapidly, (2) with greater cer- 
tainty, and (3) with less likelihood of recurrence, than any other form 
of treatment. 

Our basic plan, therefore, has been to treat the patient by recum- 
bency and fixation for a length of time sufficient to enable him to obtain 
mastery of the infection. We have found a Whitman frame the most 
convenient apparatus on which to carry out this regimen. During this 
period of recumbency the spine is fused. Fusion is not undertaken until 
the patient shows signs of mastering the infection, and at least six months 
must elapse after fusion before we think it safe to allow him to get up. 
Favorable cases are recumbent for a year, during the middle of which 
period a spine fusion is performed. Three months’ ambulatory treat- 
ment follows so that the minimum period of hospital treatment in favor- 
able cases is about fifteen months. 

A variety of circumstances may necessitate lengthening the period 
of recumbency. The presence of persistent psoas abscess or lumbar 
abscess, discharging sinuses which interfere with the field of operation, 
foci of tuberculosis elsewhere in the body, and failure to display quickly 
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TABLE II 


Classification of Cases According to Method and Length of Treatment 


Length of Treatment 

Method 

Recumbency and 
Bone Graft 

Recumbency only 

Cases 

Per Cent. 

Cases 

Per Cent. 

Within 15 months 

12 

24. 00 

1 

3.33 

15 to 24 months 

IS 

36.00 

4 

13.33 

2 to 3 years 

10 

20.00 



3 to 4 years 

5 

10.00 

5 

16.67 

After 4 years 

4 

S.00 

7 

23.33 

Death occurred before cure 

1 

2.00 

13 

43.34 

Total 

50 

i 

100.00 

30 

100.00 


evidences of mastering the infection all necessitate longer treatment. 
Table II indicates the length of time onr eighty cases were under treatment. 

TYPE OF SPINE FUSION 

Although the spine fusion we have been performing has undergone 
certain modifications during the years, it has always been essentially the 
same, — a fusion obtained by using large and relatively heavy bone grafts. 
For this purpose, two grafts are taken from the shin. They are turned 
on edge and their cancellous surfaces placed against the denuded spinous 
processes of the involved vertebrae and those of one normal vertebra above 
and one below. Cancellous bone and chips, also taken from the tibia, are 
packed into the interstices of the field of operation. The two large 
grafts are fastened in place by stainless-steel wire sutures through the 
upper and lower ends. We feel this operation has the advantages of 
simplicity and rapidity while ensuring rigid fixation of the involved 
segment of the spine. 

FORMS OF TREATMENT ACCESSORY TO SURGERY 

Although the basis of our treatment is rest, obtained by prolonged 
recumbency and supplemented by spinal bone graft, certain accessory 
forms of treatment are utilized and are of value. 

Heliotherapy is a valuable adjunct in most cases. Certain patients 
with active pulmonary disease respond unfavorably, but, apart from 
these, heliotherapy is used with benefit in all our cases whenever the 
climatic circumstances permit. We can count on six months during 
which heliotherapy can be administered, but only during three of those 
months can it be intensive. In spite of these limitations we regau i 
as a most important addition to treatment. 
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Fig. 1 

Healing by bony ankylosis. Solid bony fusion of the involved vertebral bodies 
with solid fusion of the graft. 


Abscesses are treated by repeated aspiration wherever possible. 
Usually this is sufficient to dispose of the abscess, although occasionally 
it continues to increase in size in spite of aspiration. In such cases 
Listerian drainage is utilized (drainage through a small wound into a 
continuously antiseptic dressing — Keith’s solution). 

Secondarily infected sinuses are difficult to treat and only occasionally 
are they cured. We have had some success by irrigating the sinuses with 
Dakin’s solution, and one case (in which the secondary organism was 
hemolytic streptococcus) was cured by sulfanilamide. 

CRITERIA OF HEALING 

In any analysis of the results of treatment of Pott’s disease it is 
necessary to have a clear idea of what is meant by cure. This is difficult to 
establish, especially in an infection so persistent as tuberculosis. 

There are two criteria by which we may form a reasonable estimate 
of cure: (1) x-ray, and (2) clinical signs. Both must be taken into con- 
sideration and sufficient time must elapse to demonstrate that the 
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cure is real and not apparent. We have adopted the following standards. 
Healing by Bony A?ikylosis 

In this group the remnants of the involved vertebral bodies have 
fallen together and have fused into a solid pyramidal mass of bone which 
represents what is left of two or more carious bodies. The bone graft 
is solidly fused to the spines of the involved vertebrae and to at least one 
normal vertebra above and one below. The patient presents clinical 
evidence of cure, normal temperature, no pain, ability to undertake 
reasonably heavy activity, disappearance of abscesses and closing of 
sinuses, and adequate weight. This group one can say with great 
certainty is cured. (See Figure 1.) 

Healing by Firm Fibrous Ankylosis 

In this group the involved vertebral bodies (usually only two) do not 
fuse by bone. They are separated by a narrow space occupied by the 
remnant of the intervertebral disc. The space is small and the spinal bone 
graft is solid and of adequate extent. The clinical evidence of cure is as 



Fig. 2 

Healing by firm fibrous ankylosis. The vertebral bodies have settled down 
upon one another but have not healed by bony union because of the interpositio 
of the remnants of the intervertebral disc. The graft is solid. 
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TABLE III 

Analysis of the Results of Treatment 


Result 

Met 

Recumbency and 
Bone Graft 

;hod 

Recumbency only 

Total 


Per Cent. 

Cases 

Per Cent. 

Cases 

Per Cent. 

Bony ankylosis 

33 


7 

23.33 


50.00 

Firm fibrous ankylosis 

10 


1 

3.33 | 

11 

13.75 

No ankylosis 

4 


3 


7 

8.75 

Progressive disease . . . 

3 


19 

63.34 

22 

27.50 

Total 

50 

100.00 

30 

100.00 

80 

100.00 


already stated. Probably these cases represent just as perfect cures as 
do the previous group, although the roentgenogram lacks the definite 
evidence found in the group with bony ankylosis. (See Figure 2.) 

Healing without Ankylosis — Unstable Spine 

In this group the vertebral bodies are separated by a considerable 
space due to (1) too much hyperextension at the site of disease, (2) cal- 
cific debris from an abscess, or (3) a sequestrum. The bone graft is fused 
to an adequate number of spinous processes but it may fracture at the 
level of the disease because the involved bodies are not stable and great 
strain comes upon the graft. The clinical evidences of cure may be 
present or there may be pain on effort. If the graft fractures, exacer- 
bation of the disease may result. (See Figures 3-A, 3-B, and 3-C.) 

Failure to Heal or Extension of the Disease 

The outstanding feature of the group is progressive caries in the 
grafted area or extension of the caries into vertebral bodies beyond the 
bone-grafted area. The clinical evidences of active disease, including 
abscess, are present. (See Figures 4-A, 4-B, and 4-C.) 

The first two groups can be regarded as satisfactory cures. The third 


TABLE IV 

Complications Arising during Treatment 


Complication 

No. of Cases 

Per Cent. 

Abscess 

72 

90.00 

Amyloid disease 

11 

13.75 

Renal or genital tuberculosis 

21 

26.25 

Addison’s disease 

3 

3.75 

Paraplegia 

13 

16.25 


24 

30.00 
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Fig. 3-C 

Fig. 3-A: Healing without ankylosis of the vertebral bodies. Unstable spine. 
In this example, although the bone graft is solidly fused to the spinous processes 
the veitebral bodies are separated by hyperextension and consequently all the 
stress of weight-bearing comes upon the bone giaft. 

Fig. 3-B: Eighteen months later, the strain upon the bone graft resulted in its frac- 
ture with collapse of the vertebial bodies into one another. This was followed by an 
exacerbation of activity of the disease which was treated by further recumbency 
and a second bone giaft. The fiacture in the first bone graft healed spontaneously, 
with ultimate bony fusion. 


Fig. 3-C : The ultimate result after the exacerbation had been treated by a further 
period of recumbency and another bone graft. Healing by bony ankylosis. 


COMPLICATIONS ARISING DURING TREATMENT 

Since Pott’s disease is a manifestation of the invasion of the blood 
stream by tubercle bacilli, not unnaturally it is frequently accompanied 
by other blood-borne foci of tuberculosis as well as by complications 
peculiar to the disease itself. The systemic nature of the infection which 
produces Pott’s disease requires emphasis. Its very nature indicates 
that we are dealing with a blood-borne infection and must plan our treat- 
ment accordingly. 

We have listed in the following paragraphs and in Table IV the 
complications of our cases in the order of their frequency. 

Abscess occurred at some stage in 90 per cent, of our patients. In 
the case of psoas abscess the diagnosis may be obvious, but the medi- 
astinal abscess of dorsal Pott’s disease can be recognized only by x-ray. 
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Fig. 4-A Fig. 4-B 


Failure of healing and extension of the disease. Roentgenograms of thoiacic 
Pott’s disease, taken at an inteival of two yeais, showing extension of the disease 
beyond the area which had been grafted and probably indicating that fusion did 
not occur over a sufficient number of vertebrae. 

It is our feeling that recognition and treatment of the abscess are an 
important part of the treatment of Pott’s disease. Wherever the abscess 
is accessible we have treated it by repeated aspiration in order to achieve 
drainage without the dangers of secondary infection. Usually this 
results in the disappearance of the abscess. In the exceptional case in 
which the abscess continues to increase in size in spite of aspiration, we 
have drained it through a small stab wound into an antiseptic dressing. 
The best antiseptic for this purpose is Keith’s dressing which is sufficiently 
antiseptic to minimize the dangers of secondary infection, and the 
glycerine base ensures its remaining active for at least twenty-four 
hours. This is the principle established by Lister for treating this 
problem and we therefore designate it Listerian drainage. 

We have gradually extended the field of aspiration and now use it 
for the mediastinal abscess. This must be done with x-ray supervision 
and is not easy, but yields valuable diagnostic information and mate- 
rially aids in treatment. 

Amyloid disease occurred in 13.75 per cent, of our cases. Tins pei- 
haps seems a high rate. It is accounted for by the fact that we have 
made the diagnosis by means of an improved Congo-red test. This has 
enabled us to recognize amyloid disease where otherwise it might have 
been unsuspected, — for example, in the absence of sinus. 

Renal or genital tuberculosis occurred in 26.25 per cent, of our cases. 
This is one of the most frequent complications of Pott’s disease and is 
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often overlooked since it may give 
rise to no symptoms. Only ex- 
amination of the urine for tubercle 
bacilli can give certain indication 
of its presence. Since Pott’s dis- 
ease is a blood-borne implantation 
of the disease it is reasonable to 
expect that other hematogenous 
foci might accompany it. This 
is indeed the case; associated bone 
foci are not infrequent and renal 
tuberculosis, which also is a blood- 
borne focus, is much more fre- 
quent than in pulmonary tuber- 
culosis, per se. Routine exami- 
nation of the urine for tubercle 
bacilli is as much a part of the 
management of a case of bone and 
joint tuberculosis as is examina- 
tion of the chest. 

Addison’s disease was present 
in three, or 3.75 per cent., of our 
eighty patients. Each case ter- F IG- 4.0 

minated fatally. This complica- Anteroposterior view showing the medi- 
tion may easily be overlooked astinal abscess which resulted from the 
tv T . , , c ' extension of the disease. 

Newer methods of recognition are 

of great value. 

Paraplegia occurred in 16.25 per cent, of our cases. No case occurred 
in lumbar Pott’s disease. If we exclude these, the incidence is 30 per 
cent, in the cases of thoracic, thoracocervical, and thoracolumbar Pott’s 
disease. This complication is obscure in its exact pathology and difficult 
and uncertain in its treatment. While it is generally true that it appears 
while the disease in the spine is active and subsides as treatment controls 
the spinal disease, this is by no means always the case. In two of our 
patients it occurred during the period of immobilization, at a time when 
the active disease in the bone seemed under control. Moreover, three 
cases had recurrence of paraplegia, three and one-half years, five years, 
and ten years respectively, after the Pott’s disease was apparently cured. 

Active pulmonary tuberculosis was a complication in twenty-four cases 
(30 per cent.) . As might be expected, pulmonary tuberculosis is a frequent 
and important complication of Pott’s disease. In most cases it represents 
the primary focus from which the blood stream is infected and from 
which in turn the focus of Pott’s disease is laid down. Of the twenty- 
four patients, eleven had positive sputum. In six, the pulmonary dis- 
ease was so active and advanced that adequate treatment, both of the 
pulmonary lesion and of the Pott’s disease, was impossible. Five of 
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TABLE V 

Mortality in Treatment of Pott’s Disease 


Treatment 

No. of Cases 

Deaths 

Per Cent. 

Bone-grafting 

50 

6 1 

12.00 

Conservative .... 

30 

17 

56.67 


Total 

80 

23 

2S.75 



TABLE VI 
Causes of Death 


Cause 

No. of Cases 

Generalized tuberculosis j 

Amyloidosis 

10 

4 

Secondary infection 

2 

Addison's disease 

2 

Renal tuberculosis 

1 

Pulmonary tuberculosis 

1 

Meningitis 

1 

Non-tuberculous (pneumonia and coronary occlusion) 

2 





these died and one recovered. Collapse therapy was attempted but was 
unsuccessful in two cases; of these one patient died and one recovered. 
Collapse therapy was successfully undertaken in four cases; one patient 


TABLE VII 

Relapses or Severe Complications Following Healing 



Grafted Group 

Non-Grafted Group 


No. of : 

Per 

No. of 

Per 


Cases 

Cent. 

Cases 

Cent. 

Recurrence of Pott’s disease* 

| 

5 

10.00 

6 

20.00 

(Cured by further treatment) 

(2) 

(2) 


Recurrence of abscess without Pott’s 


3.33 

disease 

1 

2.00 

1 

(Cured by aspiration and rest) 

1 


6.67 

New foci of tuberculosis elsewhere** . . . 

6 

12.00 

2 

Paraplegia 

1 1 

1 

2.00 

3 

10.00 

Fracture of spinal graft (lumbosacral 



S, lumbar 1) 

9 

IS. 00 



Death from pre-existing tuberculosis 

! 




elsewhere (pulmonary 1, renal 1). 

2 

4.00 


===== 


* Recurrence took place: (a) in the grafted area; (b) adjacent to the grafted area, 
(c) in a new area of the spine. . . . nf i 

** These new foci were found in the hips in three cases, in the knee in ts\ j 
the adrenals, genito-urinary tract, and meninges, in one case each. 
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died, after discharge, of tuberculous bronchopneumonia. One other 
patient was treated by aspiration for pleural effusion. The remaining 
patients were treated by bed rest. 

Pulmonary tuberculosis was important as a cause of death in four 
cases (5 per cent.). Pulmonary tuberculosis is an important factor in 
the course, outcome, and mortality of Pott’s disease. 

MORTALITY 

The general mortality in our group of eighty cases was 28.75 per cent. 

In the group of fifty patients who were treated by bone-grafting, 
there were six deaths (12 per cent.). Tuberculosis in various forms was 
the chief cause of this mortality, and, with one exception, death occurred 
two or more years after treatment. (See Tables V and VI.) 

In the group of thirty cases treated conservatively there were seven- 
teen deaths (56.67 per cent.). This is the direct outcome of our plan of 
treatment since it placed in the group for conservative treatment all cases 
unfit for surgery. This group consequently had a high proportion of 
patients seriously ill with generalized tuberculosis or secondary infection. 

RELAPSES OR SEVERE COMPLICATIONS AFTER HEALING (TABLE VIl) 

Polt’s disease recurred in eleven cases (five grafted and six non- 
grafted). In the grafted cases the recurrence of Pott’s disease was: (a) 
adjacent to the grafted area in three cases; (b) in a formerly fused area, 
one case; (c) in an entirely new area in one case. Further treatment, 
including fresh areas of spine fusion, resulted in improvement or cure. 
In the non-grafted cases, the recurrence in two cases was treated suc- 
cessfully by grafting. 

Recurrence of abscess, without evidence of fresh caries, was found in 
one case in each group. Both were treated successfully by aspiration 
and immobilization. 

New foci of tuberculosis elsewhere were observed in eight cases (six 
grafted and two non-grafted). Of these foci, three were in the hip, two 
were in the knee, and one each occurred in the adrenals, the meninges, and 
the genito-urinary tract. 

Paraplegia was present after healing of the spinal lesion in four cases. 
Bone-grafting was done in one of these cases (2 per cent.) but not in the 
remaining three (10 per cent.). 

Fracture of Bone Graft occurred in nine cases. In one case with 
exacerbation of activity, immobilization and a second bone graft were 
required. Ultimate cure resulted. The remaining eight cases had few 
symptoms, and required no special treatment. The fractured grafts all 
united. 

This may seem a high incidence of fracture of the graft. It can be 
explained as follows: We have been diligent in the periodic review of our 
cases and have made careful roentgenographic scrutiny of the graft an 
essential part of the review. Moreover, the type of graft we use lends 
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itself well to visualization by roentgenogram. The large double grafts 
from the tibia show well, and if they are fractured this also shows more 
clearly than in the usual Hibbs or Albee technique. Several of the frac- 
tures were discovered only on roentgenographic review; the patients had 
made no complaint, and nothing in the clinical examination suggested 
fracture. The frequency of fracture of the graft in our series, therefore, 
is accounted for partly by the careful search which was made for it. The 
commonest site of fracture was in the area between the fifth lumbar 
vertebra and the sacrum, where great strain occurs. The one serious 
case (Figs. 3-A, 3-B, and 3-C) resulted from strain upon the graft when 
the spine was fused in hyperextension with the involved bodies separated 
by an appreciable space. We now feel that the spine should be fused 
with the diseased bodies in contact, even though this means the existence 
of a certain amount of deformity. 

Death, from pre-existing tuberculosis elsewhere after the spinal lesion 
had healed, occurred in two cases, — one each from pulmonary and renal 
tuberculosis. 
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A CRITICAL STUDY OF TUBERCULOSIS OF THE SPINE IN 

CHILDREN 


BY LEO MAYER, M.D., NEW YORK, N. Y. 

Fifteen years ago, when the country branch of the Hospital for Joint 
Diseases was opened, we were given an opportunity to treat tuberculosis 
of the spine under excellent hygienic conditions. Although the fusion 
operation appealed to us as a logical form of therapy, it seemed important 
to compare cases treated by the operative method with those in which 
purely conservative measures were used. Cases were therefore arranged 
in two groups, — those in which fusion operations were done and a control 
series of unoperated cases. The idea of this test was not new or original, 
since it had been reported by Kidner and Muro 1 in a small series published 
in 1927. Great care was taken to pair off the cases as accurately as 
possible with regard to duration of the disease, the number of vertebrae 
involved, the presence of abscess, and the age of the patient. In only one 
respect was there a marked difference between the two groups, — when 
patients were admitted with extreme cachexia and evidences of amyloido- 
sis, operation was not done. Sixty-six cases were observed: spine fusion 
was done in thirty-seven, and twenty-nine were treated conservatively. 

The results of fifteen years of observation are summarized as follows: 

1. It is impossible to make a certain diagnosis of tuberculosis of the 
spine in the early stage, since other diseases may give similar symptoms, 
physical signs, and roentgenographic appearance. Thei-efore, all statistics 
relative to Pott’s disease — our own included — should be accepted with 
some reserve, since in many cases the diagnosis is pi’esumptive not 
positive. 

2. Since the virulence of the invading tubercle bacillus and the re- 
sistance of the patient are two variables, the medical observer must be ex- 
tremely cautious in attributing an early arrest of the disease to any one 
factor in the treatment. This applies particularly to the effect of fusion. 

3. Since spine fusion involves only the laminae and the interverte- 
bral articulations, and because the healing of the invaded bodies usually 
takes place by the so-called block process in which a fusion of one or more 
bodies occurs, the operative fusion, if performed at a stage antedating the 
pathological fusion of the bodies, will, if the fused laminae prevent flexion, 
actually tend to interfere with the natural process of healing. 

4. As a matter of fact, the operative fused area does not remaizz fixed, 
but bends approximately 10 degrees or more, as is conceded by the advo- 
cates of fusion. 

5. Following fusion, healing may take place without extension of the 
process to the adjoining vei'tebrae, exactly as in non-fused cases, or we 
may see the following: 
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a. Extension of the process upward or downward to adjacent 
vertebrae; 

b. Persistence of old abscesses or formation of new abscesses; 

c. Healing in the first area, but reappearance of the disease in 
another area; 

cl. Persistence of paraplegic symptoms. 

In other words, exactly the same pathological changes may and do occur 
as in the unfused cases. 

6. Tuberculosis of the spine is a local manifestation of a general 
disease, and, although the local treatment is important, the general 
treatment is far more important. 

7. Despite the great advance of medical knowledge, the essentials 
in the general treatment of tuberculosis of the spine remain today the 
same as in the time of Hippocrates, — fresh air and sunlight, nutritious 
food, and adequate rest. I say this advisedly after a thorough trial of 
tuberculin treatment, splenic extract, and the Gerson-Sauerbruch diet. 

8. A case of tuberculosis of the spine cannot be declared cured 
because of the disappearance of muscle spasm, tenderness, and pain. 
It is reasonable to assume a cure under the following conditions: 

a. Disappearance of abscesses or their calcification, as seen in 
the roentgenogram ; 

b. Block formation of two or more bodies; 

c. Closure of sinuses; 

d. Absence of pain, temperature, and muscle spasm; 

e. Consistent gain in weight. 

Even when all these signs are present and the patient is discharged, ap- 
parently cured, there may be a relapse. In our series there were two 
relapses in the operatively fused cases and one relapse in the unfused 
cases. 

9. A relapse may show itself as: 

a. Reformation of an abscess or sinus; 

b. Appearance of paraplegic phenomena; 

c. Appearance of tuberculosis in another area of the spine. 

10. In general, the lower the site of the lesion, the less the tendency 
to deformity. In cases involving the fourth or fifth lumbar vertebia or 
the fifth lumbar vertebra and the sacrum, healing occurred without any 
deformity. In the upper lumbar area, the deformity was slight, with or 
without fusion. In the thoracic region, with involvement of three or 
more vertebrae, more deformity occurred ; this was most marked when the 
sixth or seventh thoracic vertebra formed the center of a locus ol seven 
or eight vertebrae. 

11. Comparing the fused cases with the unfused, we found t a 
healing required 20 per cent, more hospital days in the operated cases than 
in the unoperated. It may be thought by some that this may have been 
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due to faulty operative technique. This may be true, but in the two re- 
lapsing post-fusion cases with spastic paraplegia in which I did a laminec- 
tomy, I found the laminae fused by a wall of bone fully one inch thick. 

12. The duration of the disease varies. Mild cases are cured in two 
years; severe cases may last ten years; the average duration is three to 
five years. 

13. In quiescent cases where there was no evidence of an active 
advancing process, particularly in cases of three or more years’ duration 
in which four or more vertebrae were involved, the fusion operation had a 
definite beneficial effect. One patient described the operation as her “re- 
birth”. In this group, patients could be discharged cured within a few 
months after the operation. In other words, the fusion strengthened a 
spine which had been structurally weakened by the tuberculous process. 

14. The mortality in our series of sixty-six cases was 12 per cent. 
Death occurred because of tuberculous meningitis, amyloidosis, or 
pulmonary involvement. 

15. In our series there were only one case of proved involvement of 
a kidney and two of the lungs. The group differs radically, therefore, 
from the adult cases described by Mather Cleveland. 

CONCLUSIONS 

In 'children under eighteen years, the fusion operation performed 
during the active stage of the disease does not abbreviate the course of the 
tuberculous process. On the other hand, when done during the repara- 
tive stage, in patients with collapse of three or more vertebrae, it has a 
beneficial effect in strengthening a structurally weak spine. 

1. Kidner, F. C., and Muro, Felipe: Comparative Results of Operative and Non- 
Operative Methods of Treatment of Tuberculosis of the Spine in Children. J. Bone 
and Join. Surg., IX, 649, Oct. 1927. 
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POTT’S DISEASE: THE INITIAL LESION, THE RELATIVE 
INFREQUENCY OF EXTENSION BY CONTIGUITY, THE NA- 
TURE AND TYPE OF HEALING, THE ROLE OF THE ABSCESS, 
AND THE MERITS OF OPERATIVE AND NON-OPERATIVE 

TREATMENT 

BY PAUL P. SWETT, M.D., BLOOMFIELD, CONNECTICUT, GEORGE E. BENNETT, 
M.D., BALTIMORE, MARYLAND, AND DANA M. STREET, M.D., 
ALBANY, NEW YORK 

The basis of this paper is a clinical and statistical study of the end 
results in a series of 350 cases of Pott’s disease. This study originally 
was undertaken to evaluate the i - elative merits of the operative and the 
non-operative treatment. In the course of this work many interesting 
phases of spinal tuberculosis have presented themselves, and, in some re- 
spects, the by-products are more important than the original project. 
Chief among these is the discovery of the dominant role of the abscess in 
the healing process. So marked is the apparent role of the abscess that 
the particular form of the local treatment appears to be relatively un- 
important. Thus it has been found that healing only rarely occurs in the 
presence of an abscess, and this is even more marked if the abscess is 
calcified or if calcific debris remains in the vicinity of the lesion. On the 
other hand, healing usually promptly follows the disappearance of the 
abscess. 

The inspiration for this study came from Dr. Bennett, who provided 
the background of his own extensive experience in the treatment of Pott s 
disease. The Eastern States Orthopaedic Club sponsored the study, and 
Dr. Robert I. Harris added the impetus which brought the study into focus 
by making available his own clinical material, which had been recorded 
for the purpose of critical study. 

NATURE AND SCOPE OF STUDY 

Realizing that the passage of time often necessitates a downward 
revision of the estimate of the early results in many chronic diseases, it 
was decided to direct attention to the oldest available cases. Therefore, 
much of the material goes back twenty-five years, and no cases are m 
eluded of less than five years’ duration. 

A representative cross section was assured by the use of cases from 
diverse sources.* Geographical diversity was provided in order to secure 

* Approximately 150 cases were supplied by Dr. George E. Bennett and his 
ciates in Baltimore; fifty cases were contributed by Dr. A. Bruce Gill in Philaae P ' 
eighty cases were furnished by Dr. Robert I. Harris in Toronto; and seventy-five 
provided by Dr. John O’Brien of The Seaside Sanatorium in Waterford, Conn , . 
Grateful acknowledgment is hereby made to these men and to the institution 
they represent, — namely. The Children’s Hospital School and The Johns Hop 
pital in Baltimore, The University of Pennsylvania Hospital in Philadelphia, 1 V Yr.'tter- 
Hospital for Consumptives at Weston, Ontario, and The Seaside Sanatorium i 
ford, Connecticut. 
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TABLE I 

Patients by Recording of Extension of Disease by Contiguity 


Patients 

No Extension* 

( Per 

(Cases) Cent.) 

Extension 

(Per 

(Cases) Cent.) 

Questionable 

(Per 

(Cases) Cent.) 

Total 

(Per 

(Cases) Cent.) 

Children 

S6 

42. 5S 

50 

24.75 

66 32 67 

202 

100.00 

Adults 

66 

60.55 

7 

6.42 

36 33.03 

109 

100 00 

Total 

152 

4S.87 

57 

1 

18.33 

102 32.80 

311 

100.00 


* The infrequency of extension is more marked in adults. The greater incidence of 
extension in children occurs in the thoracic area and this may be due to the conditions of 
treatment. 


racial and environmental differentiation. This also provided clinical 
diversity. Hence the patients in this group were treated by many differ- 
ent surgeons, and, without discrimination, there are included children, 
adults, ward patients, and private patients. From these various sources 
the cases were taken in consecutive order, and every case in which a posi- 
tive diagnosis could be established was used, provided that adequate 
data to meet the exacting demands of our records could be obtained. 
These requirements not only included the usual data in the history, but 
they also necessitated a final follow-up note, a physical examination, and 
a roentgenographic examination. 

The data were recorded on individual abstract forms which have 
proved to be highly satisfactory.** All of the findings were recorded on 
these forms by the research fellow (D. M. S.), and each case was checked 
in detail by the director of the study (P. P. S.), who also examined the 
roentgenograms in all cases and checked the histories in all doubtful cases. 

This paper is restricted to a brief discussion of the following topics, 
together with a presentation of such statistics as bear upon these topics: 

(1) the definition of healing in Pott’s disease, as it is applied in this study; 

(2) the initial lesion; (3) types of healing; (4) the abscess in Pott’s disease; 

(5) the relative infrequency of extension of the disease by contiguity; and 

(6) the relative merits of operative and non-operative treatment. 

DEFINITION OF HEALING 

The necessity for a consistent definition of healing was recognized at 
an early stage of this work, but it required considerable time and thought 
to reach a conclusion as to a formula which was both satisfactory and 
universally applicable. It was finally decided to adopt the dictum of 
Percival Pott, who said that bony ankylosis was the thing aimed at in the 
treatment of spinal tuberculosis. It also was determined to base the pres- 
ence of ankylosis upon the roentgenographic appearance. The definition 

** Our grateful thanks also are due to Dr. E. L. Crosby of Johns Hopkins Hospital, 
whose patience and ability provided for us the excellent abstract forms without which 
this study would have foundered in its early stages. 
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Fig. 1-A Fig. 1-B 

Healing, Type 1. Bony ankylosis between two adjacent vertebral bodies with a 
lo^s of the intervening caitilage. Deformity slight. 


thii" derived may be briefly stated as follows: Healing consists of the dis- 
appeaiance of the destructive lesion, a firm bony ankylosis between the 
remaining portions of the involved vertebrae, and the restoration of a nor- 
mal consistency to the surrounding bone. 

This definition is considered to be too rigid by many pathologists and 
by surgeons as well, but it must be realized that its adoption was for the 
purpose of recording actual healing rather than merely satisfactory clini- 
cal results One competent pathologist suggests that, while it probably 
is true that granulation tissue, fibrotic material, and calcific debris may 
prevent bony ankylosis, this does not mean a failure of healing. Accord- 
ing to this view, such a condition is regarded as a poor surgical result, but 
not a failure of healing, since the products of the inflammatory reaction 
are inspissated and may remain indefinitely walled off and innocuous. 
However, it was decided not to follow this line of reasoning because. 
(1) There are too many recorded cases of late abscess development and m 
creasing deformity in the non-ankylose<J • " (2) the statistics thus 

gathered would be less reliable than the case if an inelastic 
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us, and for this reason the figures given in Table I have been careiully 
scrutinized. It is probable that this scrutiny has been so rigid that the 
figures actually underestimate the truth of the situation. 

Judging by the roentgenographic appearance, the initial lesion oc- 
curs in the body of the vertebra, where it is found in the following loca- 
tions in order of frequency: (1) the metaphysis; (2) the cancellous portion 
of the body; (3) the periosteum; and (4) the periosteum and the metaph- 
ysis, which sometimes are simultaneously involved. It is to be noted 
that the periosteal process is most likely to appear on either the anterior 
or the posterior aspect of the vertebral body. Strikingly enough, one 
of the earliest roentgenographic signs is compression of the intervertebral 
cartilage. This often is present before there is positive evidence of bone 
disease. In spite of this, it is believed that the compression of the disc 
results from interference with its nutrition, due to underlying bone disease, 
and that the disc is rarely if ever primarily involved 


T1PES OF HEALING 

Because of variations in the type and the extent of the initial lesion, 
the age of the patient, the influence of treatment, and certain other fac- 
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tors, some of which are not known, the appearance of the healed spine 
varies widely. The chief varieties have been divided into the following 
four groups 

1. Complete fusion of two contiguous vertebral bodies and a dis- 
appearance of the intervening disc Slight deformity occurs in this type. 

2 Complete bony fusion of two vertebral bodies with an absence 
of one intervening body and two intervening cartilages. The deformity 
here is moderate. 

3 Complete bony fusion of multiple vertebral bodies with a loss of 
multiple intervening bodies and cartilages. The deformity in this type is 
unrestrained and is marked by dislocations and other bizarre effects. 

4 Solid bony ankylosis of portions oi the opposing body surfaces, 
leaving a space in which the cartilage may or may not be healthy. Such 


TABLE II 

Period between Onset and Reexamination and Result of Treatment in Children 


Period between Onset and 
Reexamination 
(Years) 

Result of Tieatment 

ii _ ... 

Healing 

(Cases) 

No Healing 
(Cases) 

Questionable 

(Cases) 

Undei 2 

0 

8 

1 

2 to 5 

2 

8 

0 

5 to 10 

20 

28 

10 

10 to 15 

18 

22 

1 

15 to 20 

7 

11 

6 

Ovei 20 

26 

11 

14 

Lneeitam 

5 

1 

3 

Total 

78 

89 

35 


TABLE III 


Period between Onset and Reexamination and Result of Treatment in Adults 


Penod between Onset and 

Result of Tieatment 

Reexamination 
(Y eat s) 

Healing 

(Cases) 

No Healing 
(Cases) 

Questionable 

(Cases) 

Undei 2 

0 

4 

0 

2 to 5 

1 

5 

0 

5 to 10 

15 

20 

S 

10 to 15 

5 

S 

s 

15 to 20 

6 

3 

5 

Ovei 20 

2 

3 

6 

1 

Uncei tain 

2 

7 

Total 

31 

50 

2S 
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1' ig. 3-A Fig. 3-B 

Healing, 1 .vpe 3. Bony ankylosis between multiple bodies with a disappeaiance of multiple intervening bodies and caitilages. Defoimity 
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a result is questionable and is so classified in this study. The deformity 
here may be of any grade. 

An example of each of these healing types is shown under an ap- 
propriate heading in the accompanying illustrations, and for contrast 
there also is included an example of the sort of result which has been 
classified as a failure of healing. 


ABSCESS 

We were surprised to find early in the process of reviewing these cases 
how constantly the abscess factor entered into the problem. Being quite 
unprepared for this observation, we at first thought it might be more ap- 
parent than real. The evidence continued to pile up as the work pro- 
gressed, and at last there could no longer be any doubt that the abscess 
plays an important part in the healing of tuberculosis of the spine. This 
aspect of the subject therefore is presented rather extensively. 

The tuberculous spinal abscess may be found as follows : 

1. Beneath the strong anterior ligaments, where it is called a para- 
vertebral abscess. 

2. Within the fascial layers after it has escaped from its paraverte- 
bral location. A fascial abscess is designated by the prefix which refers 

TABLE IV 


Type and Result of Treatment in Children (under Thirteen) 


Type 

Result of Treatment 

Total 

{Cases) {Per Cent.) 

of 

Treatment 

_ . 

Healing 

{Cases) ( Per Cent.) 

No Healing 
{Cases) {Per Cent.) 

Questionable* 
(Cases) {Per Cent.) 

Non-operative 

56 40 00 

61 43 57 

23 16 43 

140 100 00 

Operative. 

22 35 48 

28 45 16 

12 19 36 

62 100 00 

Total 

78 38 61 

89 44 06 

35 17 33 

202 100 00 


TABLE V 


Type and Result of Treatment in Adults (over Thirteen) 


Type 

of 

Treatment 

Result of Treatment 

Total 

{Cases) {Per Cent.) 

Healing 

{Cases) {Per Cent.) 1 

No Healing 
{Cases) {Per Cent.) 

Questionable* 
{Cases) {Per Cent.) 

Non-operative 

Operative. 

7 18 92 

24 33 33 

22 59 46 

28 38 S9 

8 21 62 

20 27 78 

37 100 00 

72 100 00 

Total . 

31 28 44 

50 45 87 

2S 25 69 

109 100 00 


* “Questionable” cases are neither “healing” nor “no healing”, but include some 


arrested cases. 
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to its particular fascial location, such as cervical, mediastinal, extra- 
pleural, lumbar, or psoas. 

3. Within the spinal canal, where it is an extradural abscess. 
Although every tubercle at some stage of its existence contains caseous 
material and the confluence of numerous tubercles produces a gross ab- 
scess, this term is not used until the abscess has ruptured its wall and 
emerged beneath the soft parts. 

In any of these locations the abscess may: (1) become absorbed; (2) 
spontaneously evacuate itself; (3) undergo surgical evacuation; (4) be- 
come calcified; or (5) remain indefinitely without apparent change. 
In this last event the condition is spoken of as a persistent abscess 

EXTENSION OF DISEASE BY CONTIGUITY 

It is commonly believed that the persistence of an abscess indicates 
continued activity of the disease, but this is not confirmed by the observa- 
tions in this study. Continued activity of the disease should be accom- 
panied by an extension of the process, but this has been found to be 
relatively uncommon. Out of 311 cases in which this factor has been 
recorded, extension by contiguity occurred in only fifty-seven, while no 


TABLE VI 

Comparison of Persistent Abscess in Operative and Mon-Operative Cases, 

in Children and in Adults 


Patients 

Peisistent Abscess 

Opeiative 

(Cases) (Per Cent ) 

Non-Opeiative 
(Cases) (Per Cent ) 

Total 

(Cases) (Per Cent.) 

Childi en 

Adults 

36 35 64 

21 61 76 

65 64 36 

13 38 24 

101 100 00 

34 100 00 

Total 

57 42 22 

78 57 78 

135 100 00 

TABLE VII 

Relation between Healing and Non-Healing in Operative and Non-Operative 
Cases of Persistent Abscess in Both Adults and Children 

Result 

Persistent Abscess 

Operative 

(Cases) (Per Cent ) 

Non-Operative 
(Cases) (Per Cent.) 

Total 

(Cases) (Per Cent ) 

Healing 

No healing 

Questionable 

8 14 04 

33 57 89 

16 28 07 

18 23 OS 

47 60 26 

13 16 66 

26 19 26 

SO 59 2b 

29 21 4S 

Total 

57 100 00 

7S 100 00 

135 100 00 
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extension was recorded in 152 (Table I). The force of these figures is 
emphasized by the fact that in the entire series an abscess was recorded in 
232 cases, and 135 of these were of the persistent variety. 

CONCLUSIONS DRAWN FROM THIS STUDY 

For the sake of brevity and with no intention of being dogmatic, the 
results of this study, which are included in this report, are presented in the 
form of conclusions, most of which are substantiated by statistics. 

First Conclusion 

A. The treatment of spinal tuberculosis is not satisfactory because: 

1. After an indefinite and unpredictable length of time the lesion 
may heal, but in a disappointingly large number of cases healing fails to 
occur. Tables II and III give the figures concerning this conclusion. 

2. Even when healing does occur, the length of time during which 
the process often remains unhealed is painfully long. This is also shown 
in Tables II and III. 

3. The mortality is high. Although it is not yet possible to report 
the actual statistics in this connection, the impression which this study 
has given is that about one-thircl of the patients die within a few years. 


TABLE VIII 


Recording of Abscess and Result of Treatment in Children 


Abscess 

Result of Treatment 

Total 

(Cases) (Per Cent.) 

Healing 

(Cases) ( Per Cent.) 

No Healing 
(Cases) (Per Cent.) 

Questionable 
(Cases) (Per Cent.) 

Recorded .... 
Not recorded. . 

46 29 68 

16 72 73 

79 50 97 

5 22 72 

30 19 35 

1 4 55 

155 100 00 

22 100 00 

Total 

62 35 03 

84 47 46 

31 17 51 

177 100 00 


TABLE IX 

Recording of Abscess and Result of Treatment in Adults 


Abscess 

Result of Treatment 

Total 

(Cases) (Per Cent.) 

77 100 00 

7 100 00 

Healing 

(Cases) (Per Cent.) 

No Healing 
(Cases) (Per Cent.) 

Questionable 
(Cases) (Per Cent.) 

Recorded . 

Not recorded . . 

21 27 27 

3 42 86 

44 57 14 

j 2 28 57 

12 15 59 

2 28 57 

Total 

24 28 57 

46 54 76 

14 16 67 

84 100 00 
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TABLE X 

Persistence of Abscess and Result of Treatment in Children 


Abscess 

Result of Tieatment 

Total 



l 






Healing 

No Healing 

Questionable 



(Cases) (Pci Cent ) 

(Cases) (Pei Cent ) 

(Cases) (Per Cent ) 

(Cases) (Per Cent ) 

Persistent 





21 

20 79 

101 100 00 

Not persistent 





9 

16 67 

54 100 00 

Total 

46 

29 68 

79 

50 97 

30 

19 35 

155 100 00 


TABLE XI 

Persistence of Abscess and Result of Treatment in Adults 


Abscess 

Result of Tieatment 

Total 

(Cases) (Per Cent ) 

Healing 

(Cases) (Per Cent ) 

No Healing 
(Cases) (Per Cenl)\ 

Questionable 
(Cases) (Per Cent ) 

Persistent 

Not persistent 

5 14 71 

16 37 21 



34 100 00 

43 100 00 

Total 

21 27 27 

44 57 14 

12 15 59 ! 

77 100 00 


TABLE XII 

Correlation of Healing and Non-Healing in the Entire Series w it h Healing 
and Non-Healing in Cases of Recorded Abscess 



Result of Tieatment 

Total 


Healing 

(Cases) (Per Cent ) 

| No Healing 
(Cases) (Per Cent ) 

Questionable 
(Cases) (Per Cent ) 

(Cases) (Per Cent ) 

Entire series 
Abscess recorded 

109 35 04 

67 28 88 

139 44 69 
123 53 02 

63 20 26 

42 18 10 

311 100 00 
232 100 00 


TABLE XIII 


Occurrence of Fascial Abscess and Result of Treatment in Children 



Result of Treatment 


Fascial 




Total 

Abscess 

Healing 

No Healing 

Questionable, 

(Cases) 


(Cases) 

(Cases) 

(Cases) 


Occuned 

17 

38 

11 

67 

Did not occur 

29 

41 

19 

88 

Total 

46 

79 

30 j 

155 
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TABLE XIV 


Occurrence of Fascial Abscess and Result of Treatment in Adults 


Fascial 

Abscess 

Result of Treatment 

Total 

(Coses) 

Healing 

(Cases) 

No Healing 
(Cases) 

Questionable^ 

(Cases) 

Occurred 

15 

28 

g 

52 

Did not occur 

6 

16 

3 

25 



Total 

21 

44 

12 

77 



TABLE XV 

Disposition of Abscess and Result of Treataient in Children 



Result of Treatment 

Total 

(Cases) 

Disposition of Abscess 

Healing 

(Cases) 

No Healing 
(Cases) 

Questionable 

(Cases) 

Spontaneous disappearance 

mem 

2 

4 

23 

Spontaneous evacuation 

■n 

6 

2 

13 

Aseptic evacuation 

i 

6 

2 

9 

Incision and drainage 

6 

4 

2 

12 

No change 

10 

53 

10 

73 

Questionable 

7 

8 

10 

25 




Total 

46 

79 

30 

155 


- 


Second Conclusion 

A. As determined by the incidence of healing, there is no advantage 
in the operative treatment over the lion-operative. This is shown in 
Tables IV and V. 

B. No essential difference has been determined between the merits 
of the various forms of posterior spinal bridging. This is an impression 
and has not yet been subjected to statistical analysis. 

C. The persistent abscess is associated with a high percentage of 
failure of healing. Hence it is important to note that in the operative 
group there is a smaller number of cases of persistent abscess. This is 
shown in Table VI, and it may be a point in favor of operative treatment. 
However, this idea is somewhat invalidated by the finding that in the 135 
cases in which there was a persistent abscess the non-operative treatment 
showed 23.08 per cent, of healing against only 14.04 per cent, for the opera- 
tive group. This is set forth in detail in Table VII. 

Third Conclusion 

A. The existence of an abscess at some stage of the disease is found 
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TABLE XVI 

Disposiiio.n or Abscess and RcsuLr or Treatment in Adults 


Disposition of Abscess 

1 

Healing 

(Cases) 

Result of Tieai 

No Healing 
(Cases) 

tment 

Questionable 

(Cases) 

Total 

(Cases) 

Spontaneous diNippeai anee 

3 

5 

0 

8 

Spontaneous evacuation 

1 

5 

1 

7 

Aseptic evacuation 

8 

12 

3 

23 

Incision and diumugc 

3 

4 

1 

8 

No change 

4 

16 

5 

25 

Questionable 

2 

2 

2 

6 

Total 

21 

44 

12 

77 


to be the dominant factor in the healing of Pott’s disease. Tables VIII 
and IX show the positive nature of this conclusion. 

B. The persistence of an abscess is accompanied by a serious ad- 
verse effect on healing. It is to be noted that a persistent abscess usually 
is a calcified abscess. Tables X and XI give the basis for this significant 
conclusion. 

C. The adverse effect of the abscess is evident even when compaiing 
the figures for the entire series with those in which an abscess was recorded, 
as is done in Table XII 


TABLE XVII 

Correlation of Healing and Non-Healing Following Disposal of Abscess with 
Results When No Change Occurred 



Healing 

No Healing 

Questionable 

Total 


(Per Cent ) 

(Per Cent ) 

(Per Cent.) 

(Per Cent ) 

Disposal of abscess 

42 72 

42 72 

14 56 

100 00 

No change 

14 29 

70 41 

15 30 

100 00 


TABLE XVIII 

Correlation of Results Following Disposal of Abscess with the Results in 

the Entire Series 



Healing 

No Healing 

Questionable 

Total 


(Per Cent ) 

(Per Cent ) 

(Per Cent ) 

(Per Cent ) 

Entile series 

35 05 

44 69 

20 26 

100 00 

Disposal of abscess. 

42 72 

42 72 

14 56 

100 00 
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TABLE XIX 

Presence of Sinus * and Result of Treatment in Children 


Result of Treatment 


Presence of Sinus 

Healing 

Cases Per Cent. 

No Healing 
Cases Per Cent. 

Questionable 
Cases Per Cent. 

Total 

Cases Per Cent. 

Sinus under one year. 

3 

MB 

3 


4 

40.00 

10 

100.00 

Sinus over one year . 

4 

miui 

13 


8 

32.00 

25 

100.00 

Uncertain duration. 

7 

53.85 

4 

30.77 

2 

15.38 

13 

100.00 

No sinus 

20 


37 


9 

13.64 

66 

100.00 

Questionable 

. 

12 

29.27 

22 

53.66 

7 

17.07 

41 

100.00 

Total 

46 

29.68 

79 

50.97 

30 

19.35 

155 



* A sinus was present in 30.43 per cent, of the healed cases and in 25 32 per cent, of 
the unhealed cases. There was no sinus in 43.48 per cent, of the healed cases and in 
46.84 per cent, of the unhealed cases. 


D. During the preliminary review of the cases it was our impression 
that the adverse effects of the abscess were mitigated by gravitation, but 
this idea is not confirmed by the figures shown in Tables XIII and XIV. 

E. The spontaneous disappearance of an abscess is followed by an 
increased incidence of healing. This is particularly marked in children, 
as is shown in Tables XV and XVI. 

F. Healing is not especially influenced by the spontaneous evacua- 
tion of the abscess, as is indicated by the figures in Tables XV and XVI. 

G. The results following aseptic evacuation and those after incision 
and drainage are not significantly different. This also is shown in Tables 
XV and XVI. 

H. Disposal of the abscess by a combination of all methods gives an 
improvement in the incidence of healing. This is in sharp contrast to 


TABLE XX 

Presence of Sinus * and Result of Treatment in Adults 


Presence of Sinus 

Result of Treatment 

Total 

Cases Per Cent. 

Healing 

Cases Per Cent. 

No Healing 
Cases Per Cent. 

Questionable 
Cases Per Cent. 

Sinus under one year. 
Sinus over one year . 
Uncertain duration . 

No sinus 

Questionable 

5 55.56 

0 0.00 

3 23.08 

12 31.58 

1 16.66 

2 22.22 

9 81.82 

9 69.23 

20 52.63 

4 66.68 

2 22.22 

2 18.18 

1 7.69 

6 15.79 

1 16.66 

9 100.00 
11 100.00 
13 100.00 
38 100.00 

6 100.00 

Total 

21 27.27 

44 57.14 

mm 

77 100.00 


* A sinus was present in 38.09 per cent, of the healed cases and m 4o.4o per • 
the unhealed cases. There was no sinus in 57.14 per cent, of the healed cases 
45.45 per cent, of the unhealed cases. 
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TABLE XXI 

Coukei.uion of IIealim. yni> Non-IIealing in Sinus Cases with Results for 

Enure Series 



Healing 
(Pa Cait ) 

No Healing 
(Pa Cent ) 

Questionable 
(Pu Cent ) 

Total 
(Per Cent ) 

Entire senes 

Sinus recorded 

3i 05 

27 10 

j 

44 69 

49 38 ! 

i 

20 26 

23 46 

100 00 

100 00 


TABLE XXII 

Comparison of Results Following Sinus with Results from Persistent Abscess 



Healing 

No Healing 

1 Questionable 

Total 


(Pci Cent ) 

(Pci Cent ) 

(Pei Cent ) 

(Per Cent ) 

Persistent abscess 

19 26 

| 59 26 

ii 

21 48 

100 00 

Sinus lecoided. 

27 16 

49 38 

i 

23 46 

100 00 


TABLE XXIII 

Comparison of Occurrence of Healing and Non-Healing between Thoracic 
and Lumbar Areas in All Age Groups 


Ai ea 

: 

Healing 

(Cases) (Per Cent.) 

No Healing 
(Cases) (Per Cent ) 

Questionable 
(Cases) (Per Cent ) 

Total 

(Cases) (PerCent) 

Thoiacic 

Lumbar 

54 35 06 

43 37 72 

66 42 86 

50 43 86 

34 22 08 

21 18 42 

154 100 00 
114 100 00 


what is found Avhen no such disposal of the abscess is induced or occurs. 
This important finding is shown in Table XVII. 

I. Contrasting the results following disposal of the abscess with the 
results for the series as a whole, as is done in Table XVIII, it is again evi- 
dent that the abscess plays a dominant role in healing. 

Fourth Conclusion 

A. The existence of a sinus does not materially affect the incidence 
of healing, but it has not yet been determined what effect sinus formation 
has upon mortality. Tables XIX and XX give the relation between 
healing and non-healing in sinus cases. Table XXI shows the correlation 
between healing and non-healing in sinus cases and the results for the series 
as a whole. 

B. From the standpoint of healing alone, it apparently is better to 
have a sinus than it is to have a persistent abscess. This is shown in 
Table XXII. 

Fifth Conclusion 

A. Healing is proportionately more frequent in lumbar lesions than 
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TABLE XXIV 

Comparison op Occurrence of Healing and Non-Healing between Thoracic and 

Lumbar Areas in Children 


Area 

Healing 

(Cases) ( Per Cent.) 

No Healing 
(Cases) (Per Cent.) 

Questionable 
(Cases) (Per Cent) 

Total 

(Cases) (PerCent.) 

Thoracic 

Lumbar . . . 

43 35 53 

28 45 91 

57 47 11 

25 40 98 

21 17.36 

8 13.11 

121 100 00 

61 100.00 


it is in thoracic lesions. Probably there are several factors which influence 
this matter, but it is assumed that the most important factor is the 
greater facility of gravitation of the abscess in the lumbar region. The 
basis for this conclusion is found in Table XXIII. 

B. The frequency of healing in the lumbar area as compared to the 
thoracic region is marked in children, as is indicated in Table XXIV. 

SUMMARY 

1. This study shows that the treatment of spinal tuberculosis is not 
satisfactory, because healing as here defined occurred in only 35 per cent, 
of the cases studied, while in 45 per cent, of these cases healing f- Tied to 
occur. Even if the 20 per cent, of questionable results is credited to the 
healed group, this still leaves the chance of healing only a little more than 
even. 

2. In general, the operative treatment offers no advantage over the 
non-operative plan, since it is found that healing occurred in 34 per cent, 
of the cases operated upon and in 36 per cent, of those treated without 
posterior spinal bridging. 

3. The dominant factor in the healing of Pott’s disease lies in the 
occurrence, the behavior, and the disposal of the abscess. While healing 
occurred in 35 per cent, of the total cases, it only took place in 19 per cent, 
of the cases in which a persistent abscess was recorded. The dominance 
of the abscess is further shown by the finding that in all cases in which an 
abscess was recorded the percentage of healing following disposal of the 
abscess increased to 59 per cent. 

4. The evidence inescapably points to the conclusion that the great- 
est need is further study of the abscess factor. To improve the results of 
treatment it is essential that there should be a better understanding of the 
nature of the abscess. There is need for knowledge of the constitutional 
and local factors which influence the occurrence and the disposal of the 
abscess. There also is need for some understanding of the conditions 
which prevent abscess formation and for the development of those tech 
niques which will be most useful for dealing with the persistent abscess. 

5. Until these basic matters are understood, it is probable that i 
would be good surgical practice to undertake early aseptic evacuation o 
the abscess wherever it may be located. 
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THE TREATMENT OF CLAW-FOOT * 

BY WALLACE H. COLE, M.D., ST. PAUL, MINNESOTA 
From the Department of Orthopaedic Surgery, University of Minnesota, Minneapolis 

The subject of claw-foot (pes cavus, hollow-foot, ete.) has been so 
well covered in the literature, especially during the last twenty years, 
that it is unnecessary and, of course, impossible to review the condition 
in detail. The object of this paper is merely to outline those features 
which seem of major importance, and to discuss from personal experience 
one system of treatment which seems to be fairly satisfactory although 
in no way new. 

A definition of claw-foot is difficult, as the various contributions and 
attempted classifications show, but the so-called idiopathic type appears 
to be the true form. Although frequently the underlying cause is evident, 
there seems to be no reason for subdividing the cases, unless one desires 
to say that certain of them are congenital in cause and the rest acquired. 
The deformity is largely, if not entirely, one of the forefoot which has 
dropped, — usually because of an ill-defined weakness of some of the 
muscle groups — with resulting cavus deformity (Fig. 1). Secondary to 
this, there is the typical contracture of the toes which, except in long- 
standing, severe cases, disappears when the cavus is obliterated. This is 
demonstrated in the milder cases when pressure under the ball of the foot 
flattens out the arch. All grades of cavus are seen, ranging from those of 
such slight degree that a distinction between a deformed foot and a 
simple high arch is difficult, to those advanced cases where there are large 
callosities or even ulcers under the heads of the metatarsals, marked 
cocking of the toes with dislocation at the metatarsophalangeal joints, and 
an excessive degree of cavus with extreme contracture of the plantar 
structures. In the mild or early cases the cavus disappears when the 
weight is put on the foot or when, as mentioned above, pressure with 
the hand is placed under the heads of the metatarsals. In others the 
deformity becomes more fixed, and the heightened arch and the cocked 

* Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 9, 1940. 
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Fig. 1 

Claw-foot in extreme of doz-sal flexion and plantar flexion, showing that deformity 
is anterior only, and that there is no conti acture posteriorly. 

toes clo not disappear on weight-bearing. Because of this, as growth takes 
place, the individual bones in the foot become intrinsically deformed and a 
true bony cavus is present which varies in degree with the individual case. 
Although many cases tend to progress, we find stationary cases of all 
grades, and the better results, following any but the most radical treat- 
ment, are probably in this group. 

Etiologically we know that the deformity of claw-foot can be due to 
several underlying causes, but that apparently all of these result in some 
weakness or interference with the function of certain muscles in the foot. 
The central nervous system is, therefore, the site of the underlying 
pathology in most cases, and certainly spina bifida occulta is one of the 
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Fig. 2 

Insole with anterior arch bar. 


main factors m many individuals, although infantile paralysis claims a fair 
number of cases. The rarer factors are certain myelodysplasias, Fried- 
reich’s ataxia, multiple sclerosis, progressive muscular dystrophies, etc. 

The mechanism of this deformity, why the forefoot drops and the 
plantar structures become contracted, has been discussed and explained 
by many authors, but never to the complete satisfaction of all surgeons, 
although there is probably some grain of truth in all of the theories. This 
ignorance of the exact mechanism which is called into play to cause a 
cavus emphasizes the need for further studies, and makes the deformity 
one of peculiar interest to many of us. Weakness of the interossei, 
lumbricales, and other intrinsic muscles of the foot has been the usual 
explanation, but there are anatomical _ 


reasons why this cannot be entirely 
accepted. It would seem that weak- 
ness of the tibialis anterior muscle, 
without involvement of the toe ex- 
tensors, might have some bearing on 
the formation of the deformity, and 
certainly a strongly pulling or poorly 
opposed peroneus longus muscle can 
accentuate the cavus. 

It is apparent, therefore, from all 
that has been said, that, in itself, a 
claw-foot is not an entity, but merely a 
symptom of an underlying condition. 
The deformity, of course, is frequently 
the only recognizable symptom present. 

Regardless of underlying causes, 
with some apparent exceptions, of 
course, the deformity, in whatever 
stage we see it, needs treatment if dis- 
ability is present. We must remem- 
ber, however, that many individuals, 
with the milder degrees of cavus, go 
through life with little trouble other 
than the use of extra caution in the 
fitting of their shoes. Therefore, all 
cases do not need active or radical care. 
It is when the contractures are such 
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Night splint with anterior arch bar. 




898 


W. H. COLE 


that the feet become painful, and callosities develop under the heads of 
the metatarsals and over the contracted toes, that real crippling occurs. 
It should be our aim to prevent, if possible, such crippling by well directed 
early treatment. The object of ideal treatment is, of course, to correct 
the cavus and prevent its recurrence Any method used must at least 
work toward these ends with the realization that complete attainment is 
probably never possible. Treatment in most cases is started in childhood 
or early adolescence. 

The following procedures, all of which are familiar to you, are re- 
viewed in order to show their adherence to the above principles, and the 
systematic way in which they can be utilized in the treatment of claw-foot 
from the mild to the very severe types. 

It is evident that if, in the early or mild stage of deformity, the per- 
manent contracture of the plantar structures can be prevented, the cavus, 
with the accompanying clawing of the toes, can be kept to a minimum. Al- 
though efforts along this line are not always successful they should be 
given a fair trial. 

The routine used is as follows: daily repeated manipulations with 
flattening of the arch and stretching of the plantar structures; exercises 
to strengthen the dorsiflexors of the foot without allowing cocking of the 
toes; the use of an anterior arch bar in the shoe or, better yet, an insole 
with an anterior bar incorporated in it (Fig. 2); the use of a night splint, 
which also has a bar, to bring pressure back of the metatarsal heads and 
thus counteract the cavus-forming forces (Fig. 3). 

In more advanced cases where the clawing is already fixed but where 
the deformity is not severe, treatment of a more radical nature, which 



Fig 4 

Diagram shows how the transplanted extensors of the toes act to the gieatest ad- 
vantage as dorsiflexors of the foot when placed into the cuneiform bones. The loss oi 
power and inefficiency of the pull when the tendons lie parallel to the metatarsals 
after transplantation to the metatarsal heads are obvious. 
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must first be directed toward correction of the deformity, is needed. 

The procedures used to accomplish this are two in number: (1) In the 
simpler cases a subcutaneous plantar fasciotomy with wrenching of the 
foot is sufficient. (2) More resistant cases need complete freeing of the 
plantar structures by the os calcis stripping operation of Steindler. 

A plaster-of-Paris dressing is applied after either of these operations 
with the foot held as flat as possible, but with great care taken that the 
heads of the first and fifth metatarsal bones are under no undue pressure. 
After three weeks the plaster can be removed, physiotherapy started, and 
the routine described in the mildest cases followed. 


A few cases seem to need nothing more than this, but in the majority 
some operation is needed to prevent the recurrence of the deformity — our 
second principle of treatment — as, of course, the causative factors usually 
are still acting. For this the modified procedure of Hibbs is used. 

In brief, this consists in transplanting the tendon of the extensor 
hallucis longus muscle and the four tendons of the extensor digitorum 
longus muscle proximally into the cuneiform bones, so that their pull will 
reenforce the tibialis 


anterior as efficiently as 
possible in dorsiflexing 
the ankle. There is no 
logical reason for trans- 
planting these tendons 
into the heads or necks 
of the metatarsals, as 
has been described by 
several surgeons, be- 
cause, in addition to the 
tediousness of this pro- 
cedure, there is a loss of 
power when the tendons 
lie parallel to the parts 
they are endeavoring to 
lift (Fig. 4). The illus- 
trations show the tech- 
nique of the operation 
and need little elabora- 
tion (Figs. 5, 6, 7, and 
8). After removal of 
the long extensors from 
the toes, the smaller 
toes function sufficiently 
well, but the great toe 
will drop ; therefore, the 
interphalangeal joint of 
the hallux must be ar- 



Fig. 5 

Modified Hibbs transplantation, showing approximate 
line of incision. Two longitudinal incisions have aL-o 
been tried and can be used if desired. 
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throdesecl. A tenodesis 
of the distal stump of 
the extensor hallucis 
longus into the first 
metatarsal is sometimes 
used in place of the ar- 
throdesis, but the latter 
is to be preferred in pa- 
tients over ten or twelve 
years of age. The post- 
operative plaster dress- 
ing is removed after six 
weeks, and active physi- 
otherapy is started. 
Weight-bearing is al- 
lowed in a shoe — previ- 
ously describee’ — with 
an anterior heel or its 
equivalent. 

The simple trans- 
plantation of the pero- 
neus longus tendon to 
the insertion of the 
brevis, as described by 
Bentzon, may accom- 
plish what we are after 
in some cases, but, al- 
though it appears to be theoretically sound if used in younger individuals 
with no great intrinsic b one deformity, the author has had no experience 
■with this operation. 

If bone deformity of any marked degree is present, the cavus cannot 
be corrected by releasing the plantar structures and wrenching the foot. 
It is then that removal of a wedge of bone is indicated as the only possible 
way of making the foot symptomatically less disabling, and anatomically 
more normal in appearance. It has never seemed justifiable to the 
author to remove this dorsal wedge from the neck of the astragalus or to 
destroy the talonavicular or calcaneocuboid joints, so for many years a 
so-called anterior-tarsal-wedge osteotomy has been used (Tig. 9). This 
preserves the lateral motion of the foot, correcting the deformity where it 
should be corrected, and gives as a result not only a fairly normal-appear- 
ing foot, but also one which is functionally excellent. If a wedge of bone 
which destroys the midtarsal joint is to be removed, a complete arthrod- 
esis should be performed at the same time. It is, however, to prevent 
this loss of function that the anterior-wedge osteotomy is advocated. 

A longitudinal incision is made on the dorsum of the foot and carried 
down between the tendons to the bone, in much the same way as in the 



Fig. 6 

Incision shown in Fig. 5 retracted to show long ex- 
tensors of the toes. The vessels and nerves have been 
omitted for the sake of clearness. 
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Fig. 9 

A diagrammatic representation of the foot to show location of wedge in anterior- 
tarsal-wedge osteotomy. Note that the proximal cut is anterior to the midcarsal 
joint. 

tendon transplantation described. The anterior tarsal region is tl en ex- 
posed subperiosteally as far as possible, a knife being generally used for 
this dissection. When the bones have been identified, a nearly vertical 
osteotomy is made from near the center of the navicular and cuboid 
bones to the under surface of the tarsus. A second osteotomy, starting 
anterior to the first and connecting with it at its plantar edge, is then 
made, the distance from the proximal cut depending on the width of the 
wedge necessary in the particular case. The forefoot is then brought up 
out of the dropped position, thus closing the gap made by the removal of 
the wedge. A few interrupted sutures will close the periosteum and the 
skin. A plaster-of-Paris dressing is then applied which extends from the 
toes to just below the knee. This dressing remains on for about eight 
weeks, when weight-bearing without support can usually be started. 



Fig. 10-A Fig. 10-B Fig. 10-C 

C. E. Subcutaneous plantar fasciotomy and transplantation of the toe extensors. 
Fig. 10-A: The foot before operation. Fig. 10-B: Result two and one-nan 
months later. Fig. 10-C: Result three years later. 
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Fig. 13-C Fig. 13-D 

R. H. Soles of feet before and after removal of anterior tarsal wedge. 
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It will lie found that with correction of the cavus the toes will 
straighten out. It is only occasionally that any direct attention need 
be paid to them, although some hammer toes will have to be taken care 



Fig. 14-B 


K. T. Roentgenograms of claw-foot before and after plantar fasciotomy and 
anterior-wedge osteotomj\ 
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of in the older individuals. Callosities disappear when their cause is re- 
moved, but at times the use of salicylic-acid preparations will be neces- 
sary to hurry the convalescence. The tendon transplantation described 
may occasionally be indicated after this osteotomy. 



Fig. 15-A 

N. R. Roentgenogram showing marked bone cavus before operation. 



Fig. 15-B 

N. R. Roentgenogram after plantar fasciotomy and anterior-w edge osteotomy • 
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Fig. 16- A FlG 1G_B 

C. A. Claw-foot befoie and aftei tiansplantation of the toe e\ten 
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amputation is the only solution. However, these cases are not common, 
and the more conservative measures, resulting in the retention of a func- 
tion which is usually excellent, will be found sufficient in the vast majority 
of claw feet. A few illustrations will show the effect of the treatment 
advocated (Figs. 10-A to 16-B). 

SUMMARY 

1. True claw-foot is due to a lesion of the spinal cord, usually 
spina bifida occulta or poliomyelitis, with resulting weakness of certain 
muscles of the foot. It is, therefore, a symptom and not an entity. 

2. By systematic treatment some cases at least can be checked and 
others corrected with good functional feet resulting. 

3. Transplantation of the toe extensors to the cuneiform bones will 
aid in keeping the sole flat and preventing a progressive cavus. 

4. When wedge osteotomy is necessary to overcome the cavus, an 
anterior tarsal wedge will save function, and correct the deformity. 
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DEFORMITIES OF THE FEMUR RESULTING FROM 
ARRESTMENT OF GROWTH OF THE CAPITAL AND 
GREATER TROCHANTERIC EPIPHYSES 


BY EDWARD L. COMPERE, M.D., MONROE GARRISON, M.D., AND 
JOHN J. FAHEY, M.D., CHICAGO, ILLINOIS 

From the Division of Orthopaedic Surgery, Department of Surgery, University of Chicago * 

The importance to the clinician of some knowledge of the physiology 
of bones and of other supporting tissues cannot be overemphasized. 
This is particularly true for the physician who limits his clinical work to 
the treatment of conditions which affect these structures. The longi- 
tudinal growth of bone occurs from the epiphyseal cartilages. The sus- 
ceptibility of these growth centers to injury from trauma or disease, pro- 
ducing growth arrest and resulting in shortening of extremities and in 
deformities, has been adequately stressed by clinical observers and by 
reports of laboratory experiments (Haas, Speed and Macey, Gatewood 
and Mullen, Compere, and Siegling). 

Occasionally, even an experienced surgeon has carried out and recom- 
mended some surgical procedure which endangers the irreplaceable growth 
cartilages of the bones of growing children. 

Bozsan, in 1931, in a case presentation before the Clinical Society of 
the Hospital for Joint Diseases, recommended multiple drilling as a 
method of treating fracture of the neck of the femur, slipped femoral 
epiphysis, and Legg-Calve-Perthes disease. He. described this procedure 
in The Journal of Bone and Joint Surgery for October 1932 and again, in 
slightly greater detail, in the same publication in January 1934. Later in 
the same year, Ferguson and Howorth described a similar procedure, 
which they stated would be indicated for early cases. These authors 
emphasized the fact that the operation itself was relatively simple and 
that there were no immediate morbid results, such as death or serious in- 
fections. The theory of the operative procedure was to provide channels 
for hastening the revascularization of the femoral head. In cases of 
Legg-Calve-Perthes disease these channels had to be drilled through the 
epiphyseal-cartilage plate, joining the capital epiphysis to the diaphysis 
of the neck. The fact that such drilling might result in permanent injury 
to growth-cartilage cells on the metaphyseal side of the capital or greater 
trochanteric epiphyses appears to have been overlooked. 

In 1935, one of us (Compere) reported a high incidence of growth 
deformities resulting from fractures which involved the shaft, growth- 
cartilage plates, and epiphyses of a long bone. Cases have been observed 
in which surgeons operated well, but not wisely, in performing open re- 
* This work was made possible in part by aid from the Douglas Smith Foundation. 
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ductions of fractures near the growth centers of bones of small children. 
Some of these operations resulted in growth deformities so severe as to 
cause permanent disability. 

Experiments were undertaken to determine just what deformities 
could be anticipated as a result of gross trauma to the growth center of the 
greater trochanter or of the capital epiphysis of the femur. 

EXPERIMENTAL METHOD 

Twenty-three puppies, approximately six weeks of age, were used in 
the beginning of the experiment. Most of these animals succumbed to 
snuffles or other kennel infections. An attempt was made to use young 
rabbits, but the proximal femoral epiphyses were too small to subject 
them to multiple drilling. 

One or both of the two major growth centers of the proximal end of 
one femur in each of twenty-seven goats, six weeks of age, were subjected 
to operative trauma. 

Group I: A portion of the cartilage plate between the epiphysis of the 
greater trochanter and the shaft was curetted and chips of bone were 
placed in the defect. 

Group II: The epiphyseal-cartilage plate of the greater trochanter 
was drilled from three to six times with a rotary bit, one-sixteenth of an 
inch in diameter. 

Group III: The drill was passed through the neck and into the head 
of the femur five or six times in various directions, perforating the growth- 
cartilage plate. 

Group IV: A portion of the growth cartilage of the femoral neck was re- 
moved by curettage. 

These goats were 
sacrificed at various 
intervals, the longest 
period being nineteen 
and one-half months 
after operation. In 
most of the animals 
a weak abductor re- 
sulted or a short-leg 
limp developed and 
persisted. 

Roentgenograms 

of the femora of the 
goats were not satis- 
factory for purposes 
of measurement or 
of comparison. 

At necropsy 
each femur, to- 
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Normal Hip 


GOAT 


Operated Hip 


ARRE5T OF CAPITAL EPIPHY5I5 
19)4 months 

Operated. 8-9-34 Sacrificed 3*20-36 

Notes 

1. Short femoral neck. 

2. Cdxo. vara deformity 

3. Normal development of both trocbanter/c epiphyses 
4.1 cm. shortening of femur measuring from caput 

5, No shortening when measurin^f ram trochanters 


Fig. 1 
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gether with both trochanters, the head, and the neck, was removed and 
the soft tissue was stripped away. The normal femur and the operated 
femur of each animal were placed side by side, photographed, and x-rayed. 
Measurements were also taken from the apex of the head to the most 
distant portion of the articular surface of the medial condyle of each 
femur and from the tip of the greater trochanter to the articular surface 
of the lateral femoral 
condyle. 

RESULTS 

In this study we 
are interested pri- 
marily in end results 
from the standpoint 
of growth, and meas- 
urements of the im- 
mature animals are 
not included. Opera- 
tive trauma, whether 
from multiple drilling 
or from curettage of 
the growth cartilage 
of either the greater 
trochanter or the cap- 
ital epiphysis, re- 
sulted in growth ar- 
rest from this center. 

Growth arrest follow- 
ing drilling did not 
occur as promptly as 
that which resulted 
from extensive curet- 
tage. The end re- 
sults were quite com- 
parable. When the 
goats were sacrificed 
from eighteen to nine- 
teen months after op- 
eration, the operated 
hips of goats from 
Groups I and II, in 
which the growth cen- 
ter of the capital 
epiphysis had been 
injured, showed a 
characteristic deform- 
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Normal 


Lessar Trochanter 


GOAT 



Operated 


ARRE5T OF GROWTH GREATER TROCHANTER 

.. , 19 months 

Note : 

1. Short, deformed, greater trochanter 
£. Normal caput and neck. 

Length of femur, measuring from caput to 
lesser trochanter, not affected by operation 
No. 833 


Fig. 2 



Lesser Trochanter 


GOAT 



Normal 


ARREST OF GREATER TROCHANTER 

.. , 19 months 

Note: 

and deformity of greater 
R*iriirr-J caput and neck. 


No. 939 


No shortening when measuring 
from lesser trochanter or caput 


Fig. 3 
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Fig. 4 


Roentgenograms of the proximal end of a 
normal femur of a goat and of a femur eighteen 
months after multiple drilling through the 
greater trochanter. The roentgenogram of the 
operated femur shows the shortened, deformed 
trochanter. Longitudinal growth of the shaft 
has continued. 
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ity of short femoral neck, coxa 
vara, ancl a trochanter which 
had grown well beyond the high- 
est point of convexity of the 
femoral head (Fig. 1). There 
was an actual shortening of one 
centimeter. 

Nineteen months after sur- 
gical trauma to the greater 
trochanter, this structure was 
grossly maldeveloped, and there 
was a definite coxa valga. No 
shortening of the neck or de- 
formity of the head on the side 
of the operation was noted (Figs. 
2 and 3). 

Roentgenograms of the up- 
per ends of the femora of goats, 
following growth arrest of the 
greater trochanter, showed the 
shortened trochanter with coxa 
valga deformity of the neck 
(Fig. 4) . Roentgeriograpbie 
changes resulting from traumatic 
insult to the growth cartilage of 
the head of the femur included 
a short neck, irregular contour 


Roentgenograms of the proximal end of a 
normal femur of a goat and of a femur eighteen 
months and nineteen days after multiple 
drilling of the neck and head. In the operated 
femur there is deformity, as evidenced by the 
irregular outline of the head, the short neck, 
and coxa vara. The trochanter has continued 


of the head, and moderate coxa 
vara deformity (Fig. 5). 

Deformity of the shaft of 
the femur, as well as of the neck, 
is illustrated in the print of 


to grow . roentgenograms of the specimens 

obtained from Goat 947, nineteen months after operation (Fig. 6). T he 


growth of the greater trochanter had been incompletely arrested on one 
side. This had resulted in coxa valga deformity, rotation of the shaft 
proximally, and an increase in the anterior femoral bow. Because of con- 
tinued growth of the capital epiphysis, together with the coxa valga, the 
length of the femur was slightly 7- greater than that of the unoperated leg. 

The average length of the femora of the young goats (aged six to 
seven weeks) was ten and six-tenths centimeters. The average length o 
the normal femora of the adult goats (aged nineteen months) was nineteen 
and six-tenths centimeters. Length growth of the femora from the age o 
seven weeks to physical maturity was nine centimeters. The Ios» m 
length (greater trochanter to articular surface of the lateral condy e 
which resulted from fusion of the epiphysis of the greater troehantei to t ie 
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Roentgenograms of the full length of the shafts of both femora of a goat nineteen 
months after multiple drilling of one greater trochanter. This illustrates the coxa 
valga, the deformity of the greater trochanter, and the moderate torsion of the prox- 
imal end of the femur. Approximately two millimeters of greater length of the femur 
of the operated side may be explained on the basis of the coxa valga. A question of 
possible growth stimulation, resulting from the hyperaemia associated with the 
trauma of operation on the greater trochanter, must also be considered. 


shaft of the seven-weeks-old goats averaged slightly more than two 
centimeters. This represents an actual loss of the total trochanteric- 
condylar length growth of 22 per cent. 

The average shortening which resulted from fusion of the capital 
epiphysis, measured from the apex of this epiphysis to the knee joint, was 
one centimeter, or a total loss of growth of the shaft of 11 per cent. 

If a comparable degree of shortening results within six years follow- 
ing multiple drilling of the neck of the femur of a child afflicted with 
Legg-Calve-Perthes disease, the disability will not be inconsequential. 
The end result of such surgery must be sought ten or twelve years after 
infliction of the specific trauma. 

DISCUSSION 

The contention of Bozsan, Ferguson and Howorth, and others that 
drilling the neck of the femur, with extension of the drill into the femoral 
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head, may hasten revascularization may be substantiated by the evidence 
which they present. When this procedure is proposed for treatment of 
fractures of the neck of the femur, we are not prepared to disagree. Drill- 
ing of the neck of the femur to promote healing after slipping of the 
femoral epiphysis may be justified if it does promote an earlier union be- 
tween the capital epiphysis and the metaphysis of the neck. The average 
patient suffering from epiphyseolysis is at least approaching the age of 
puberty and skeletal maturity. Furthermore, most of these patients do 
not recover completely, regardless of the type of treatment, until fusion 
and growth arrest take place. 

The patient with Legg-Calve-Perthes disease, however, presents a 
very different problem. Granted that the pathology includes aseptic 
necrosis of the capital femoral epiphysis and that the process of replace- 
ment by creeping substitution is exceedingly tedious, requiring two or 
more years, nevertheless any procedure which may produce growth dis- 
turbance in the femur of a young child should be considered radical and 
ill advised. The average age at onset of Legg-Calve-Perthes disease is 
approximately seven years. At this age most of the length growth of the 
bones has not yet taken place. The risk of a deformity of the hip should 
be avoided by the surgeon who is charged with the care of a patient with a 
self-limiting disease. 

CONCLUSIONS 

1. Surgical trauma to the greater trochanter of the hip of a growing 
animal, produced by multiple drilling or curettage of the epiphyseal- 
cartilage plate, results in growth arrest with deformity and shortening of 
the greater trochanter. There is an associated coxa valga of the neck of 
the femur. 

2. Surgical trauma to the epiphyseal-cartilage plate of the head of 
the femur by multiple drilling or by curettage uniformly results in growth 
arrest, which produces a short femoral neck, an irregular contour of the 
head of the femur, coxa vara, and a functional shortening of the shaft of 
the femur, as measured from the articular surface of the head to the 
articular surface of the knee. 

3. The operation of drilling the necks of the femora of young chil- 
dren for the purpose of hastening revascularization of the head in cases of 
Legg-Calve-Perthes disease is a very questionable procedure. 
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TREATMENT OF OSTEOGENIC SARCOMA* 


BY ALBERT B. FERGUSON, M.D., NEW YORK, N. Y\ 

Director of Roentgenology, New York Orthopaedic Dispensary and Hospital 

The author’s first paper on this subject 1 offered evidence that early 
amputation is not the best treatment of osteogenic sarcoma, and recom- 
mended delay of amputation with use of radiation, or excision, or both 
before amputation. The present paper gives further indications that 
early amputation is not the best treatment, and analyzes cases seen within 
two months of onset of symptoms to show that lack of haste in amputating 
improved results. 

DEFINITIONS 

Early amputation is defined as amputation before the seventh 
calendar month after onset of symptoms. 

Survivors are defined as patients alive more than five years after the 
last treatment of the local lesion with no evidence of tumor at the last 
report. 

STATISTICAL STUDY 

The cases studied are the first 400 cases of undisputed osteogenic 
sarcoma which had the necessary data for tabulation, recorded m the 
Registry of Bone Sarcoma of the American College of Surgeons. 

The favorable results obtained at various clinics or hospitals regis- 
tering ten or more cases included in this series appeared to be propor- 
tionate to their lack of haste in amputating (Table I). The higher 
percentage of survivors was obtained at the clinics having the higher 
percentage of late amputations. 

TABLE I 


Results of Treatment Obtained in 400 Cases of Bone Sarcoma by Hospitals and 
Clinics Registering Ten or More Cases, with Number and Percentage of Late 

Amputations 


Clinic 

Cases 

Survivors 

Late Amputations 

No. 

Per Cent. 

No. 

Per Cent. 

A 

13 

5 

38.4 

8 

61.5 

B 

30 

6 

20.0 

11 

36.7 

c 

69 

10 

14.5 

19 

27.5 

D 

12 

1 

8.3 

3 

25.0 

E 

12 

1 

8.3 

2 

16.7 

Other Clinics 

264 

40 

15.2 

81 

30.7 

Total 

400 

63 

15.8 

124 

31.0 




======== 



* Presented at the Annual Meeting of the American Academy of Orthopaedic 
Surgeons, Boston, Massachusetts, on January 24, 1940. 
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TABLE II 

Treatment and Results of 400 Cases of Bone Sarcoma 
Classified According to Sex 


Treatment 

Male 

Female 

Cases 

Survivois 1 

Cases i 

Survivors 

No. 

Per Cent 

No 

Per Cent 

No 

Per Cent 

1 

No 

Per Cent. 

Early amputation 

94 

37 3 

8 

8 5 

40 

27 0 

3 

7 5 

No amputation 

80 

31 7 

9 

11 3 

62 

41 9 

7 

11 3 

Late amputation 

78 

31 0 

22 

28 2 

46 

31 1 

14 

30 4 

Total 

252 

100 0 

39 

15 5 

148 

100 0 

24 

16 2 


Males and females had similar survival rates with each of the various 
types of treatment indicating that the disease was equally malignant in 
the two sexes. Females were treated without amputation more often, 
and by early amputation less often than the males. This did not cause 
the females to have the higher death rate that would be expected if early 
amputation were the best treatment (Table II). 

Early amputation was used more frequently in cases registered in 
later years as compared to the earlier years. The increase in early ampu- 
tations was not accompanied by an increase in survivors. The campaign 
for earlier amputations resulted in an increase in very early amputations 


TABLE III 

Results of Treatment of 400 Cases Classified According to Period of 
Registration of Cases with the Registry of Bone Sarcoma 



First 165 Cases 

Next 135 Cases 

Last 100 Cases 

Treatment 

Cases 

Survivors 

Cases 

Survivors 

Cases 

Survivors 


No. 

Per 

Cent 

No. 

Per 

Cent. 

No. 

Per 

Cent 

No 

Per 

Cent 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

Amputation at 1 to 
3 months 

Amputation at 4 to 

17 

10 3 

i 

5 9 

24 

17 8 

i 

4 2 

20 

20 0 

i 

5 0 

6 months 

26 

15 8 

4 

15 4 

27 

20 0 

4 

14 S 

20 

20 0 

0 

0 0 

Total early ampu- 













tations 

43 

26 1 

5 

■HR 

51 

37 8 

5 

9 S 

40 

40 0 

1 

2 5 

No amputations 

69 

41 8 

8 

11 6 

43 

31 8 

4 

9 3 

30 

30 0 

4 

13 3 

Late amputations 

53 

32 1 

15 

28 3 

41 

30 4 

13 

31 7 

30 

30 0 

8 

26 7 

Total 

165 


2S 


135 


22 

16 3 



13 
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Fig. 1 

Three examples of osteogenic sarcoma of the fibula treated by amputation in the 
second month after onset of symptoms. All patients died. Registry numbers: 
707; 637, 1241. 

among the early amputations in the later periods of the Registry. Early 
amputations increased approximately 50 per cent., very early amputations 
approximately 100 per cent., but survivors of early amputation decreased 
from 11.6 to 2.5 per cent. Is very early amputation deadly? (Table III.) 

GASES SEEN WITHIN TWO MONTHS OF ONSET OF SYMPTOMS 

Some cases seen within two months of onset of symptoms were be- 
coming rapidly worse, and clinically could properly be judged wildly 
malignant. Such patients were not treated by early amputation; they 
regularly received radiation only, or no treatment at all. 

The cases treated by amputation within two months of onset of 
symptoms included all varieties of early osteogenic sarcoma. Most of 
them warranted the hope that amputation was being performed early 
enough to save the patient if that hope ever could be warranted. The 
accompanying illustrations depict some of these cases; each patient had 
amputation within two months of onset of symptoms, and subsequently 
died. Only one out of thirty-eight patients so treated survived. Similar 
cases, seen equally early, had other treatment before amputation, and 


TABLE IV 

Results of Amputation on Patients Eleven to Twenty Years of Age 
Seen within Two Months of Onset of Symptoms 


Treatment 

Cases 

Survivors 

No. 

Per Cent. 

No. 

Per Cent. 

Amputation in 1 or 2 months 


51 8 

1 


Amputation in 3 to 6 months 


35 7 

4 


Amputation after 6 months 


12 5 

2 


Total 

56 

100 0 

7 

12 5 
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Fig. 2 


Three examples of osteogenic sarcoma of the tibia treated by amputation in the first 
or second month after onset of symptoms. All patients died. Registry numbers: 
683; 474; 1228. 



Fig. 3 

Three examples of osteogenic sarcoma of the tibia treated by amputation in the 
first or second month after onset of symptoms. All patients died. Registry 
numbers: 1239, 1291, 1326. 

many patients survived. Such results, presented in Tables IV, V, and 
VI, condemn very early amputation. 

Of 107 patients seen within two months of onset of symptoms twenty 
had no treatment, radiation only, or excision only. Five others, of whom 
two survived, were treated by excision and radiation without amputation. 
These survivors were cases of possibly low malignancy, and are, therefore, 
dismissed from further consideration. It might be pointed out, however, 
that in four other cases of possibly low malignancy, seen early, the pa- 
tients were treated by early amputation, and died. 

There remain eighty-two cases seen within two months of onset of 
symptoms and treated by amputation (Table VI). 
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TABLE V 

Results of Amputation for Sarcoma of the Distal Femur and Proximal Tibia 
in Cases Seen within Two Months of Onset of Symptoms 




I 

Distal Femur 


Proximal Tibia 

Treatment 


Cases 

Survivors 


Cases 

Survivors 


No. 

Per Cent. 

No. 

Per Cent. 

No. 

Per Cent. 

No. 

Per Cent. 

Amputation in 1 or 
2 months . 

16 

42 1 

■ 

i 

6 2 

11 

50 0 

0 

0 0 

Amputation in 3 to 
6 months 

19 

50 0 

3 

15 8 

7 

31 8 

1 

14 3 

Amputation after 
6 months 

3 

7 9 

1 

1 0 

0 0 

4 

18 2 

1 

25 0 

Total . . 

38 

100 0 

4 

10 5 

22 

100 0 

2 

9 1 


Seventeen of the eighty-two cases seen very early were judged, 
histologically, to be of unusually high malignancy, but this does not 
explain the poor results of very early amputation, as the cases of unusually 
high malignancy formed only 13 per cent, of those having amputation in 
two months, 25 per cent, of those having amputation in three to six 
months, and 30 per cent, of those with late amputation. The only one 
of these patients who survived had radiation preceding amputation three 
months after onset. 

The age period from eleven to twenty years produced the only sur- 
vivors after early amputation, but even in this favorable age period the 
earlier amputations gave the poorer results (Table IV). 

The distal portion of the femur and the proximal portion of the tibia 
were the sites which produced the only survivors after early amputation, 


TABLE VI 

Effect of Radiation on Results of Amputation in Eighty-Two Cases 
Seen within Two Months of Onset of Symptoms 


Time of 
Amputations 

Total 

Amputations 

Amputation with 
No Radiation 

Amputation after 
Radiation 

Cases 

Survivors 

Cases 

Survivors 

J 

Cases 

Survivors 

No. 

■ 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

i 

Per 

Cent. 

No. 

I 

Per 

Cent. 

No. 

Per 

Cent.; 

No. 

Per 

Cent. 

1 or 2 months 

38 

46 3 

1 

2 6 

35 

63 6 

1 

2.8 

3 

11 1 

0 

ipll 

3 to 6 months 

31 

37 8 

4 

12 9 

16 

29 1 

1 

6 2 

15 

55 6 

3 

imi 

After 6 months 

13 

15 9 

3 

23 1 

4 

7 3 

0 

0 0 

9 

33 3 

3 

33 3 

Total 

82 


8 

9 8 

| 55 


2 

3 6 

27 


6 

22.2 



1 




1 




1 
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Fig. 4 

Three examples of osteogenic sarcoma of the femur treated by amputation in the 
first month after onset of symptoms. All patients died. Registry numbers: 1329; 
761; 1319. 

but even at these favorable sites the earlier amputations gave the poorer 
results (Table V). 

Amputation without previous radiation yielded poor results in the 
cases seen early after onset of symptoms (Table VI). 

Thus, in the eighty-two cases seen within two months of onset of 
symptoms, and treated by amputation, neither age, site, variation in 
treatment, nor degree of malignancy estimated histologically explains the 
fact that the earlier amputations had the poorer results. 

In no case did the patient survive amputation in the first month 
after onset of symptoms. 

In no case did the patient survive early amputation if aged one to ten 
or over twenty. 

No patient survived early amputation if the lesion was not at the 
distal portion of the femur or the proximal portion of the tibia. 

The advocates of early amputation in osteogenic sarcoma of an 
extremity may persist in amputating as early as the third month after 
onset of symptoms, if the patient is between eleven and twenty years of 
age, and has a lesion at the distal portion of the femur or the proximal 
portion of the tibia. However, in any other instance they can offer no 
tangible hope of success, and should, therefore, agree to the delay of 
amputation which does offer hope of success. 

The best treatment to be used while amputation is delayed is still 
undetermined, but the following are recommended, with the choice de- 
pending upon the surgical feasibility of the operative procedures: 

1. Radiation. 

2. Excision and radiation. 

3. Excision and implantation of bone graft or chips, with or without 
radiation. 

If excision is used, it should be repeated if recurrence becomes evi- 
dent before amputation is performed. The interval between the last 
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excision and amputation should not be less than three weeks, and prob- 
ably should not exceed two months, if benefit is to be derived from com- 
bining the two treatments. 

The optimum time for amputation is a quiet period in the course of 
the disease, — a period when the patient is not losing weight; when the 
phosphatase content of the blood is not elevated; when there has been no 
sudden or marked increase of pain or swelling for two months; and when 
there has been no recent marked increase of mass or destruction demon- 
strable roentgenographieally. Such periods occur with some frequency 
after the first six months of osteogenic sarcoma, and earlier in the course of 
the disease may be produced with the potent aid of radiation. 

Whatever one may select as the treatment of choice, it can be defi- 
nitely stated that very early amputation in osteogenic sarcoma of an 
extremity does not appear to be the best treatment. 

1. Ferguson, A. B.: Treatment of Osteogenic Sarcoma. J. Bone and Joint Surg., 
XXII, 92, Jan. 1940. 
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SURGICAL TREATMENT OF OSTEO-ARTHRITIS 
OF THE HIP JOINT 

BY MELVIN S. HENDERSON, M.D., P.A.C.S., ROCHESTER, MINNESOTA, 

AND 

GEORGE A. POLLOCK, M.B., F.R.C.S. (EDIN.), ROCHESTER, MINNESOTA, 
Assistant in Orthopaedic Surgery 

F rom the Section on Orthopaedic Surgery, The Mayo Clinic 

This investigation was carried out in an endeavor to evaluate the 
merits of the more modern methods of surgical treatment of osteo-arthritis 
of the hip joint. Between January 1, 1926, and December 31, 1937, in- 
clusive, seventy-seven patients suffering from osteo-arthritis of the hip 
joint were subjected to various surgical procedures at The Mayo Clinic, 
and the present paper is based on the clinical, laboratory, roentgeno- 
graphic, and surgical findings in these cases. 

There is no one etiological agent which is common or equally active in 
all cases. The pathological features are rather the result of the long- 
continued and united action of a multiplicity of small factors, each of 
which contributes its quota to the final whole. 

The average age at onset among men, as evidenced by our cases, was 
fifty-two and seven-tenths years and that among women was forty-seven 
and five-tenths years. Men tended to be affected two and a half times as 
commonly as women. There seemed to be a definite relationship between 
obesity and the onset of osteo-arthritis. The presence of coxa vara, coxa 
valga, Perthes’ disease, loose bodies, or subluxation as described by 
Wiberg, may predispose to the onset of osteo-arthritis among persons in 
the younger age groups, as demonstrated by sixteen of our cases. 

TREATMENT 

The case of the person suffering from severe osteo-arthritis (Fig. 1), 
while not so tragic as that of an individual crippled by rheumatoid arthri- 
tis, is nevertheless a serious one. Here we have a man, otherwise physi- 
cally capable and in robust health, who is rendered useless and frequently 
becomes a hanger-on of charitable associations, on which he is dependent 
for his daily bread, all because of a painful hip joint. There are also the 
patients, who, disgruntled and disappointed in the benefits to be had at 
the hands of the orthodox members of the medical profession, crowd the 
consulting rooms of unorthodox practitioners. Although it is manifestly 
impossible to repair an architecturally distorted joint, surgical treatment 
does offer hope of alleviation. We know that fixation of the joint will 
give relief from pain, but, from the point of view of function, this is as 
radical a procedure as amputation performed for the cure of tumor. 

It would be of great help in the treatment of osteo-arthritis if it were 
possible to identify certain stages of this disease for which one form of 
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Fig. 1 

Osteo-arthntis of both hips. 


treatment or another would prove specific. Unfortunately, we have not 
been able to state definitely on examination of the roentgenographic find- 
ings that one case would respond better to manipulation or that another 
was more suited to a bone-drilling operation. However, we have tried to 
divide our cases arbitrarily into three fairly well-defined groups, for 
which certain forms of treatment have been found to be suitable. 

In Group A we include cases in the earlier stages of the disease, in 
which rarefaction or condensation is present in the femoral head and the 
superior border of the acetabulum, but in which no excessive hyper- 
trophic changes have appeared. The use of manipulative measures alone 
or associated with the bone-drilling operation has resulted in an apprecia- 


ble improvement in the condition of a number of these patients. 

Group B consists of those cases in which hypertrophic changes aie 
present on the acetabular margins and surrounding the head of the femur , 
so that motion is markedly restricted in all directions. Cheilotomy or 
acetabuloplasty appears to be the method indicated, although, in a feu 
cases, reconstructive measures of the Whitman or Colonna type must e 


considered also. 

Under Group C we place those cases in which the principal complain 
is pain, for which relief has not been obtained by the usual measures o 
physical therapy or rest. These patients usually have considerable c is 
tortion of the normal contours of the femoral head and acetabulum, anc 
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for them we advise arthrodesis. However, even in this group we shall 
have to modify our views if experience proves that the more recently 
devised method of Smith-Petersen 6 , which entails the use of vitallium 
caps, is a better form of therapy. 

In an effort to assess the benefits to be derived from the various 
methods of surgical treatment, we have divided our group of seventy- 
seven patients into subdivisions, depending on the methods used in their 
treatment. 

Manipulation 

Manipulative manoeuvres to the fullest extent of motion short of 
using extremes of force were carried out in eleven cases, with the objective 
of breaking down capsule and muscle adhesions. In those cases in which 
muscle spasm had produced adduction and flexion deformities, manipula- 
tion was supplemented by subsequent fixation in extension and abduction 
by plaster-of-Paris spicas, extending from the costal margin to the knee or 
toes on the affected side and to the lower third of the thigh on the sound 
side. While adduction and flexion could be corrected to a great degree by 
manipulation, casts, and, in some cases, by subsequent traction, external 
rotation usually defied all our efforts at correction. Fixation in plaster- 
of-Paris was continued over a period which varied from two weeks to two 
months, depending on the degree of deformity. During this period the 
patients could move around on crutches. After removal of the cast, 
physical therapeutic measures materially increased the rapidity of re- 
covery of active movements. 

Two patients were treated by manipulation and physical therapy. 
Of these, one, into whose joint thirty cubic centimeters of iodoform emul- 
sion had been injected also, reported eight years later that his condition 
was unimproved, but no worse. The other died fourteen months after 
treatment without having reported on the condition of his hip joint in the 
interval. In nine cases the hip joints were manipulated under intravenous 
or spinal anaesthesia and fixed in casts as described. 

Reports of the patients’ condition were received from three months to 
eight years later. Of the entire group of eleven patients, f our reported an 
improvement in their condition, but in only one case was this marked. 
Four patients stated that their symptoms were unrelieved, and an addi- 
tional one claimed that his condition was worse than before the manipula- 
tion. One patient was found to have died in the interval, and from the 
remaining patient no reply was received. Of the nine patients whose 
condition was known, 44 per cent, reported improvement. 

Bone-Drilling 

The simplicity of the bone-drilling operation suggested by MacKenzie 
of Australia recommended it to our consideration. The procedure con- 
sists in drilling one large hole or a series of smaller holes from the lateral 
aspect of the greater trochanter through the neck into the head. The 
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operation may be clone under local infiltration or spinal anaesthesia under 
roentgenoscopic control or by means of wire guides, the exact location of 
which has been checked by anteroposterior and lateral roentgenograms. 
The objective of the operation is the revascularization of the femoral head 
and neck; the operation itself is based on the relief from pain which fol- 
lowed the fracture of the neck of the femur of one of MacKenzie’s 
patients, who had suffered from very severe and painful osteo-arthritis of 
that hip. When union occurred, relief of pain was so striking that it led 
MacKenzie to ponder on the cause and resulted in his suggesting the bone- 
drilling operation as a form of treatment in similar cases. 

This operation was done in twenty-eight cases. In sixteen, a single 
drill opening — one-fourth, three-eighths, or one-half an inch (0.63,0.93, 
and 2.5 centimeters) in diameter — was made, whereas in twelve cases, 
multiple drillings were performed. In one case, in addition to drilling, the 
fascia lata was cut in a manner similar to that advised by Ober in treating 
sciatica; in two cases, arthrotomy and drilling were carried out; in two 
cases, the bone was drilled, and, in addition, the capsule was sectioned 
anteriorly. In the three cases in which capsulotomy or section of the 
fascia lata was performed, the hip was manipulated also. In only two 
cases were both hips operated on at the same time. So far as we could 
ascertain, the slight modifications had but little effect on the end results. 

In the postoperative care of these patients, complete rest for from 
three to five days with heat and sedatives was given if necessary. Dur- 
ing this period, further relief was afforded to two patients by the applica- 
tion of Buck’s extension. Usually about the fourth day, gentle active 
movements or passive movements by means of a knee sling were begun. 
After the sixth day, in most cases, the patient was encouraged to sit up 
for a short period twice daily, after which crutches and a walker were 
provided, and the patient was urged to walk. 

Twenty-five patients replied to our follow-up inquiry. The interval 
between the operation and the inquiry varied from two months to three 
years. Of the three patients who did not reply, one subsequently was 
found to have died about two years after operation, but we were unable to 
obtain any record of the state of her hip joint. Of the twenty-five pa- 
tients who replied, nine were improved, and, of these nine, four were re- 
markably benefited. Eight were worse after the operation, and five 
claimed that their postoperative state was not different from their condi- 
tion previous to surgical treatment. Three patients stated that they 
were relieved of pain, but that functional ability was not improved, 
laken at its lowest value, nine out of twenty-five, or 36 per cent., were 
helped by drilling the hip, and 16 per cent, were markedly relieved. 

Cheilolomy of the Femoral Head 

T. he method used in this procedure was that described by Sir Robert 
Jones, the heads being reduced in size by from two-thirds to four-fifths. 
This operation was done in four cases, in each of which the acetabular 
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marginal excrescences were left undisturbed. Extension caliper splints 
were applied for from ten to fourteen days, and prolonged physical 
therapy was recommended following operation. 

Were it possible to follow these cases for several years, one feels that 
the late reports would be, to say the least, disappointing. Probably it is 
best to consider this a more or less useless operation. 

Cheilotomy of the Femoral Head and Acetabulum 

This operation was carried out in six cases. The Smith-Petersen 
approach 5 was used in four cases, while a lateral incision was used in two. 
Osteophytes were removed from the head and from the acetabular mar- 
gins. In five cases the hip joint was subsequently fixed in a double hip 
spica for from eleven to forty-two days; in one of the cases the position of 
the joint was maintained by Buck’s extension without plaster fixation. 
Following removal of the cast, movements were instituted by means of 
the arthroplasty splint and later carried out voluntarily. The use of 
crutches and the walker followed. Physical therapy was employed 
throughout. 

Three patients, at two, three, and three and a half years, reported 
very good results with increased range of movement, freedom from pain, 
and sufficient stability to allow them to discard all support. The fourth 
patient wrote that his condition was only fair, but was improving at the 
end of six months. The fifth stated that he had spells of severe pain at 
the end of one year. This statement conveyed the impression that he 
had gotten along moderately well in the interval. The sixth patient, 
four years after operation, reported that he was only working for his keep 
in a lodging house. From this survey, we concluded that 50 per cent, 
were very definitely benefited, and that the condition of the remaining 
50 per cent, was probably fair to poor. 

Cheilotomy and Bone-Drilling 

In three cases, in addition to the removal of the osteophytes of the 
femoral head and acetabular margins, the ilium was drilled in the region 
just superior to the acetabular roof. The osteophytes on the inferior 
acetabular rim were not disturbed. In two cases, these hypertrophic 
growths were one inch (2.5 centimeters) thick at their bases and overhung 
the head like a canopy. These patients were urged to use a knee 
sling after four days’ rest and to move the hip by the end of the second 
week. 

One patient did not reply to our inquiry. The second, two years 
after operation, said that he was unable to walk on account of pain. The 
third, however, two years and three months after operation, reported that 
the pain had gone and that improvement had been steady. The other 
hip, however, was showing signs of similar but progressive disability. 
Thus, there was improvement in the condition of the two patients who 
were traced. 
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Fig. 2 

Fifteen months after Whitman reconstruction operation. 


Subtrochanteric Osteotomy 

Only one patient was treated by this method, and he stated that four 
months after operation he was unable to work and could not walk without 
crutches. 


Acetabuloplasty 

This was performed in five cases after the method described by 
Smith-Petersen J in 1936. The anterior lip was removed, but care was 
taken to preserve the superior border in order to maintain joint stability. 
The hypertrophic excrescences of the acetabular margins were also re- 
moved. Passive movement was begun within a few days, and the pa- 
tients were allowed to sit up by the tenth day. By the twelfth to the 
twenty-first day after operation, they were encouraged to attempt walk- 
ing with the aid of crutches or a walker. Heat, massage, and diathermy 
were used as adjuvant measures in all the cases. 

Of the five patients treated, one reported at the end of eight months 
that his condition was very much worse. The report submitted by a 
second patient, nine months after operation, was most encouraging. He 
claimed a “wonderful improvement”, but he still used a cane. Two 
months after operation, the third patient reported that he was feeling 
much improved, and that the range of movement of his hip was increased. 
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A fourth patient admitted some slight improvement after fourteen 
months, but he stated that he continued to experience some pain and 
found it impossible to tie his shoe laces or to work. The last patient, 
seventeen months after operation, was able to tie his shoe laces and was 
conscious of a distinct improvement in the mobility of his hip. 

Thus, we found that of five patients who were subjected to acetabu- 
loplasty, the condition of four, or 80 per cent., was improved. 

Reconstruction Operations 

Of the thirteen patients treated in this manner, twelve were subjected 
to the reconstruction operation popularized by Whitman (Fig. 2), and 
one had the Colonna type of reconstruction. From these patients, reports 
were received at intervals subsequent to the operative procedure and 
six, on their own showing, were found to have been benefited, although 
one of these had a relapse after three and a half years. Five were not 
improved (Whitman operation in four cases, Colonna operation in one), 
while two were definitely worse. These reconstruction operations have 
a definite place in the repertoire of the orthopaedic surgeon, but success 
depends, as it does in so many orthopaedic conditions, on the careful 
selection by the surgeon of the right type of operation and case. 

Arthrodesis 

The intra-articular method was employed in two cases, while in four 
an extra-articular arthrodesis, using an iliac graft, was performed. Spinal 
anaesthesia was employed routinely. Postoperative fixation in a double 
hip spica has, in our experience, proved itself to be the best method of 
immobilization and was used in all cases. The patient can be turned 
painlessly with the minimum of trouble, and nursing measures are more 
easily carried out. While the possibility of bed sores is greatly reduced, 
if they should occur, lights and medicaments can be applied with ease. 
If necessary, the patient even can be slung up by one leg to an overhead 
bar in such a manner that all pressure can be removed from the sore and 
yet the security of the immobilization is not impaired. The cast is 
changed at the end of from one to two months; the stitches are removed 
and a lighter, and occasionally a single, hip spica is applied. This is left 
on until ankylosis occurs. If economic necessity demands it, the patient 
can be sent home in a cast with safety. One of our patients went home 
thus at the end of six weeks. As a rule, under normal conditions, bony 
union has occurred by the end of from six to nine months, but in osteo- 
arthritis it must be acknowledged that bony union does not occur readily 
and in some cases may never take place. When this is the case, union by 
fibrous tissue is the rule, and, where this is firm, a very satisfactory union 
may result. 

In the first case, follow-up revealed that the pain had disappeared. 
In the second, a postencephalitic Parkinson's syndrome had developed, 
and, as a result, we were unable to assess accurately, two and a half years 
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later, the peculiar ever-changing symptoms of which the patient com- 
plained. The third, fourth, and fifth patients — one and one-half, four and 
one-half, and six and one-half years after operation,- respectively — were free 
from pain, well, and, in two cases, at work. The patient in the third case 
was unemployed, but had had a good result. In the sixth case, the patient 
reported three years and nine months later that he had no pain and was 
able to walk five or six miles daily. This is one of those anomalous cases 
of arthrodesis in which, instead of ankylosis, motion results. The patient 
could flex his hip to 40 degrees. Function was excellent, and he was very 
well pleased with the end result. Roentgenographic examination demon- 
strated that the bone graft had formed a shelf against which the greater 
trochanter rested. We believe that it is quite in order to exclude the 
second patient from our assessment of results, because of the nature of his 
subsequent malady, which made his subjective symptoms of doubtful 
value. Thus, out of five cases, we had five good results. Even if from 
the technical viewpoint arthrodesis failed in one case, the ultimate end 
result was even better. The percentage of good results was 100, or at its 
lowest estimation, 80.* 


RESUME 

In the seventy-seven cases of osteo-arthritis of the hip joint which 
have been reviewed, men predominated over the opposite sex in the 
proportion of fifty-five to twenty-two. The influence of severe trauma 
was not an outstanding feature. Forty-nine patients had suffered no 
initial injury, and from only twenty-eight was a definite history of trauma 
elicited. 

From the point of view of therapy, undoubtedly, arthrodesis as per- 
formed by us has given the best results, but, while this is a procedure 
which is readily accepted in Europe, in America we have difficulty in 
convincing our patients of the benefits to be derived from a stiff hip. bh e 
average patient has a horror of an immobile joint and will refuse to con- 
sider an operation devised to produce this end, even when the diseased 
articulation is to all intents and purposes already stiff. 

Of the other procedures, each has its place in well-selected cases. 
Drilling, combined with manipulative measures and followed by active 
movements, aided by physical therapeutic agents, has given good results 
in many cases. The more recent work of Smith-Petersen 6 with vitallium 
caps in arthroplasty of the hip joint bids fair to change our views on this 
operation, but, until further experience has been gained, the procedure is 
still subjudice. 

Acetabuloplasty and extensive cheilotomy do give excellent results in 
some cases. 

* It is difficult to be dogmatic in our opinions regarding this group, since v*e a P 3 ,. I '° 
certain that ankylosis was obtained in all cases. The replies to our follow-up ie • 
indicated that the patients had obtained marked clinical benefit, but, as we \\eu- 
able to obtain roentgenograms demonstrating the late end results, our opinior 
deductive, not factual. 
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ANTERIOR TIBIAL TENDON TRANSPOSITION IN 
RECURRENT CONGENITAL CLUB-FOOT 


BY GEORGE J. GARCEAU, M.D., INDIANAPOLIS, INDIANA 

From The James Whitcomb Riley Hospital For Children, Indiana University School of 

Medicine, Indianapolis 

Conservatism in the treatment of congenital club-foot is well recog- 
nized. Brockman, in his monograph on the condition, states that only 
50.6 per cent, required no further treatment after adequate conservative 
care. Kite has practically standardized the conservative treatment. He 
states that 90 per cent, of all club feet can be corrected by the wedge-cast 
method. In some cases, however, the deformity does recur or resist con- 
servative methods of correction. The following is an end-result study of 
the transposition of the anterior tibial muscle tendon insertion in recurrent 
club-foot. 

Of the three components in congenital club-foot, — adduction of the 
forefoot at the talonavicular joint, inversion, and the equinus of the fore- 
foot as well as of the os calcis — inversion of the whole foot, but especially 
of the calcaneum, is the most important. Without complete correction of 
the inversion, correction of the deformity as a whole cannot be maintained. 
Residual metatarsus adductus is frequent after correction by any method. 
If the forefoot adduction is completely corrected, the inversion of the os 
calcis will be corrected in most instances. 

In the cases here reported, recurrence of deformity occurred in spite 
of vigorous conservative treatment by manipulation, casts, club-foot 
braces, and thirty-six operations including: arthrodesis (4), decancellation 
of calcaneum (3), Hoke’s (1), Ober’s (2), Brockman’s (3), osteotomy of talus 
(1), Achilles tenotomy (16), fasciotomy (4), and capsulotomy (2). Force- 
ful wrenchings, resulting in stiffening of the tarsal joints, had previously 
been done on at least half. 

On examination it was found that when active dorsiflexion of the foot 
was attempted the foot was supinated. The anterior tibial tendon, 
inserted at the first cuneiform bone and base of first metatarsal, pulled 
the whole foot into inversion, and exaggerated the inversion of the os 
calcis. This occurred with each step. 

In every instance the strength of the peroneal muscles was not suffi- 
cient to evert or pronate the foot actively. In no patient had the inver- 
sion of the os calcis been completely corrected, and some degree o 
deformity in each component had recurred. 

The average age of the patients was six and one-half years. 4 iree 
were in their third year, and two in their sixteenth. 

This operation consists of transferring the anterior tibial ten on 
insertion to the proximal end of the fifth metatarsal. An incision a ou 
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Fig. 2-A Fig. 2-B Fig. 2-C 

Fig. 2-A: Child seven years old with recurrence in all components of deformity. 
Figs. 2-B and 2-C: Three years after anterior tibial transplantation, showing 
satisfactory correction of the deformity. 


one inch in length is made over the anterior tibial tendon just above the 
ankle joint. A similar incision is made over the insertion of the anterior 
tibial tendon and the tendon detached. (In several instances there was 
found an abnormal insertion of the tendon, such as a thin, wide attach- 
ment under the first metatarsal, or a divided tendon.) The tendon is 
then pulled out through the upper incision. A silk suture, the ends of 
which should be long, is passed through the end of the tendon. A curved 
hemostat is passed through the upper incision and distally under the 
annular ligament toward the proximal end of the fifth metatarsal. A 
short incision over the fifth metatarsal is made and a hole drilled through 
the bone. The tendon is passed through the newly made channel and 
through the drilled hole in the metatarsal. When the tendon is too 
short, it is transferred to the cuboid. The tendon, secured with silk suture 
and chromic catgut, is threaded carefully through the hole in the bone, 
and the loose silk suture ends are used to anchor it laterally to the peri- 
osteum, or to the soft tissues of the sole. The subcutaneous tissues and 
skin are closed in layers. A circular plaster cast is applied, maintaining 
as much correction of the deformity as possible. Every two weeks the 
cast is removed and a fresh wedge cast is applied. Patients in this series 
wore postoperative casts for an average of eight weeks. 



Fig. 3-A Fig. 3-B Fig. 3-0 

A four-year end result. The operation was performed when the child was sc 
years old, with excellent lesult. 

THE JOURNAL or BONE AND JOINT S0RGER 



CONGENITAL CLUB-FOOT 


935 



Fig. 4-A Fig. 4-B Fig. 4-C 


A bilateral three-year end result. Fig. 4-A: Shows metatarsus adductus present. 
Fig. 4-B: Shows the correction of the heel inversion. 

Fig. 4-C: Shows the action of the anterior tibial tendon in everting the feet. 


In evaluating the fol- 
lowing figures, it must be 
understood that the de- 
formity had resisted long- 
continued and vigorous 
treatment. 

Transplantation of the 
anterior tibial tendon was 
performed on fifty-six feet 
in forty-four patients. The 
influence of the operation 
on the adduction of the 
forefoot was graded excel- 
lent in nineteen feet, or 34 per cent. ; good in twenty-four, or 43 per cent. ; 
and not satisfactory in three, or 5 per cent. The effect on the adduction 
was not noted in ten feet, or 18 per cent. 

The effect on the inversion was excellent in thirty feet, or 54 per 
cent. ; good in twenty-two, or 39 per cent. ; and had no apparent effect in 
four, or 7 per cent. 

The effect of the operation alone on the equinus was difficult to evalu- 
' ate, because wedge casts were applied for an average of eight weeks after 
surgery. The final end result is influenced remarkably by the degree of 
equinus present before the operation. Correction of the equinus is essen- 
tial. In three instances, a tibial-turn operation was subsequently per- 
formed to correct the torsion of the tibia, with excellent results. 

The indications for this operation are simple. If deformity recurs 
after vigorous conservative treatment, the mechanism of the anterior 
tibial tendon should be determined. If, on active dorsifiexion, the foot is 
inverted and the forefoot is adducted, this operation should be contem- 
plated. If the peroneal muscles cannot evert the foot, the operation is 
indicated. 

In no case has it been necessary to reanchor the tendon into its origi- 
nal insertion. All patients have been followed from one to five years. 
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The tendency to continued improvement is considerable, due to the 
mechanism of the transferred anterior tibial tendon, as well as the removal 
of the deformity-causing anterior tibial pull. The late end-result studies 
of the fifty-six feet so treated indicated excellent results in thirty-four feet, 
or 61 per cent.; and good results in eighteen, or 32 per cent. Satisfactory 
results were obtained in fifty-two, or 93 per cent., of the fifty-six feet sub- 
jected to transposition of the anterior tibial tendon. There were no poor 
results from the sacrifice of the anterior tibial tendon although in four 
feet, or 7 per cent., no beneficial effects were noted. 

CONCLUSIONS 

1. The deformity in club-foot does sometimes recur after apparently 
adequate conservative treatment. 

2. The faulty mechanism of the anterior tibial muscle is a mechanical 
factor in this recurrence. 

3. Correction of the equinus is necessary to obtain the best me- 
chanical advantage of the transferred force. 

4. End-result studies of fifty-six feet indicate that the continuous 
influence of the transferred force is an important factor in the correction 
of resistant cases. 

5. No bad effects were noted from the sacrifice of the anterior tibial 
tendon. 

6. Satisfactory end results were obtained in 93 per cent, of the feet so 
treated. 

BIBLIOGRAPHY 

Adams, A. Wilfrid: Club-Foot and its Treatment. Med. Press and Cir., CXCIII, 348, 
Oct. 21, 1936. 

Brockman, E. P.: Congenital Club-Foot (Talipes Equino-varus). New York, William 
Wood & Company, 1930. 

Dunn, Naughton: The Treatment of Congenital Talipes Equino-varus. British Med. 
J., IJ, 1216, Dec. 22, 1923. 

Hoke, Michael: An Operation for Stabilizing Paralytic Feet. J. Orthop. Surg., II I, 
494, Oct. 1921. 

Kite, J. H.: The Treatment of Congenital Club-Feet. Surg. Gynec. Obstet., LXI, 
190, 1935. 

Ober, F. R.: Tendon Transplantation in the Lower Extremity. New England J. Med., 
CCIX, 52, 1933. 


THE JOURNAL OF BONE AND JOINT SURGERY 



LAMBRINUDI OPERATION FOR DROP-FOOT* 

BY VERNON L. HART, M.D., MINNEAPOLIS, MINNESOTA 

In 1927 and again in 1933 Mr. C. Lambrinudi of Guy’s Hospital, 
London, proposed a “new operation on drop-foot”. The operation has 
been successfully performed and accepted by many orthopaedic surgeons. 
The object of this paper is to present the indications, the contra-indica- 
tions, and the technique of the operation and to emphasize the surgical 
principle on which it is based. 

The principle as expressed by Lambrinudi is that “The bestjnethod 
to stabilize a joint without ankylosing it i s to allow it to lock in a n orm al 
m anner” . The principle then is a physiological or natural bone check. 
When in complete equinus, the foot c anno t drop any further because 
the posterior portion~of the astragalus abuts against the tibia . The 
anterio r cap s ule of th e ankle joi nt is taut in pla ntar flexion and may be 
an important factor, as well as the natural bony obstruction, in the locking 
mechanism. The Lambrinudi operation control s drop- foot by correcting 
the equinus deformity at the subastrag alar j oint and arthrodesing. the 
tarsus in a functional position to the astra galus, which is locked in complete 
equinus within the jnortise of the ankle joint. 

INDICATIONS AND CONTRA-INDICATIONS FOR THE OPERATION 

Lambrinudi devised this operation for the correction of drop-foot 
or equinus deformity in a foot with an active gastrocnemius soleus muscle 
and inactive or paralyzed dorsiflexor and peroneal muscles. If the 
peroneal muscles are active and strong, then this operation is not in- 
dicated because a more constructive and logical procedure is triple 
arthrodesis combined with anterior transposition of the peronei with 
implantation of their tendons to the dorsum of the tarsus. The Lam- 
brinudi operation would definitely improve a flail or dangle foot but the 
writer believes that a dangle foot is best treated by a panastragalar and 
calcaneocuboid arthrodesis with the foot in slight equinus. The operation 
is .not indicat ed if the pat ient has an unstable knee joint whi ch requ ires 
the support of a brace. If there is consideraBIe shortening of the 
extremity, the operation may not be indicated if the equinus deformity 
serves to compensate for the shortening, with an addition to the height 
of the heel of the shoe. 

A mild equinus position of the foot due to contracture of the Achilles 
t e n don^ prftvifl.es stability tQ_the_knee when the quadriceps femoris is 
paralyzed. If this situation is present, the equinus deformity should 
never be completely eliminated by any surgical procedure. The foot 

* Presented at the Annual Meeting of the American Academy of Orthopaedic 
Surgeons, Boston, Massachusetts, on January 24, 1940. 
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Fig. 1 


which Lambrinudi selected 
for this operation may 
present a varus deformity 
due to an active and un- 
opposed tibialis posterior 
muscle. The overaction 
of this muscle would be a 
deforming factor and there- 
fore it should be elimi- 
nated by exposure and 
excision of a small seg- 
ment of the tendon through' 
a one-inch incision pre- 
liminary to the main dis- 
section. Lateral instability 
of the astragalus ^within 
the mortise of the_anlde 
joint isTiiormfreciuently 
'the jreaspn.IorLtheJailui'e 
of ' stabilizing— operations 
at tlrasubastragalarjoint, 

and the Lambrinudi op- 
erator would be no ex- 
ception. ^K'"'this unde- 
sirable factorjs present, 
a better functioning foot 
can be secured by a 

paiia.stragalalvai'throcfesis 

whicinstabilizes the ankle 
joint as well as the subas- 
tragalar articulation. The 
age of the patient is an 


Lateial loentgenogiam taken with the foot in com- 
plete equinus. A wedge of bone is lemoved fiom the 
head, neck, and body of the astragalus so that the in- 
ferior surface of the astragalus foims a plane at an 
angle of about 95 or 100 degrees with the veitical axis 
of the leg. The tarsus is then aithrodesed to the 
remaining poition of the astragalus. 

foot equinus should not be confused with an 
entire foot, since it will demand a different surgical technique for conee- 


important consideration; 
the operation, like other ar- 
throdesing methods, should 
not be performed before 
the age of about eight 
years. An extreme foie- 
equinus deformity of the 


tion. 

As suggested by Fitzgerald and Seddon, the operation is of specia 
value in deformities of the foot due to paralysis of origin other than the 
residual paralyses of anterior poliomyelitis. The drop foot of hemiplegia? 
permanent common peroneal nerve injury, congenital equinovarus ce 
formity which has resisted manipulative corrections, and equinus e 
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fortuities with loss of dorsiflexor and peroneal muscles, due to trauma 
and burns, may find solution by the Lambrinudi operation. 

TECHNIQUE 

A lateral roentgenogram of the affected foot and ankle in complete 
equinus is essential for study in planning the planes of bone section before 
the actual surgical operation. The roentgenogram (Fig. 1) shows the as- 
tragalus locked in the extreme of plantar flexion and one can determine with 
accuracy the degree of the angle and the size of the wedge of bone which 
is to be removed from the head, neck, and body of the astragalus, so that 
the inferior surface of the astragalus will form a plane of about 95 degrees 
in relation to the vertical axis of the leg (Fig. 2). The foot should be 
placed at an angle of 95 degrees to the leg if there is complete paralysis of 




Fig. 2 

Fig. 2: The shading indicates the por- 
tion of the head, neck, and body of the 
astragalus removed to correct the equi- 
nus deformity at the subastragalar 
joint. The inferior surface of the remain- 
ing portion of the astragalus forms a 
plane of about 100 degrees in relation to 
the vertical axis of the leg. The equinus 
deformity is corrected when the tarsus 
is arthrodesed to the astragalus, which 
is locked within the ankle joint mortise. 

Fig. 3 

Fig. 3: After the wedge of bone is 
removed from the astragalus, the supe- 
rior surface of the os calcis is denuded 
of cartilage and bone to form a plane 
parallel with the horizontal axis of the 
foot. Cartilage is removed from the 
calcaneocuboid joint. Finally a notch 
is made horizontally from side to side 
in the posterior and inferior portion of 
the scaphoid bone. This notch will re- 
ceive the sharp anterior border of the 
astragalus. 


Fig. 3 


Fig. 4 

The Lambrinudi operation controls 
drop-foot by correcting the equinus de- 
formity at the subastragalar joint and 
arthrodesing the tarsus in functional posi- 
tion to the astragalus, which is locked in 
complete equinus within the mortise of the 
ankle joint. 
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Fig. 5 


tarauswUh 1 correction 6 ° f ^ \T m between the astragalus and the 
aisus uitn collection of the drop-foot deformity at the subastragalar joint. 


the doisiflexoi and peroneal muscles; however, an angle of 100 degrees 
'out e p aimed if there is some available power in the dorsiflexor 
muscles or the peronei which may be transplanted to the dorsum of the 
aisus. ie oot should never be placed at a right angle to the leg 
ecause sue i a position does not permit the wearing of an ordinary heel 
an a so ecause it prevents the active gastrocnemius from coming into 
action as a ‘ push off” mechanism when walking. 

The subastragalar joint is exposed in the usual manner through a 
ong a eia curved Kocher incision. Complete medial dislocation of the 
arsus at t le subastragalar joint is essential after sectioning the peroneal 
~ n . ° ns ’ °P er ^hig the astragaloscaphoid and calcaneocuboid joints and 
c me mg the interosseous and external lateral ligaments of the ankle. 

ie wedge of bone, which was determined when the lateral roentgeno- 
gram was studied, is removed from the head, neck, and body of the as- 
tiaga us aftei the inferior surface of the astragalus is completely denuded 
of cartilage (Fig. 2). Cartilage and bone are then removed from the 
superior surface of the os calcis to form a plane which is parallel with the 
horizontal axis of the foot. The cartilage is removed from the calcaneo- 
cuboid joint, and, finally, a notch is made horizontally from side to side 
in the posterior and inferior portion of the scaphoid (Fig. 3). The sharp 
anterior margin of the remaining portion of the astragalus is then firmly 
ivedged into the prepared notch of the scaphoid while the superior bleeding 


THE JOURNAL OF BONE AND JOINT SURGERY 



LAMBRINUDI OPERATION FOR DROP-FOOT 


941 


surface of the os calcis is approximated to the inferior bleeding surface of 
the astragalus (Fig. 4). The foot is now at the desired angle of 95 or 100 
degrees to the axis of the leg and cannot be plantar-flexed further, since 
the astragalus is locked at the ankle joint in complete equinus. The in- 
cision is closed and a long plaster-of-Paris leg cast is applied to maintain the 
position of the foot and permit postoperative elevation of the extremity. 
About the beginning of the third week, a short walking cast is applied 
with a rubber or felt heel incorporated within the plaster. Periods of 
elevation are gradually decreased while periods of walking with weight- 
bearing on the cast are gradually increased. Plaster fixation is continued 
until there is roentgenographic evidence of bony union (Fig. 5) at the 
subastragalar and calcaneocuboid joints, which requires between three 
and five months. 
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A CLINICAL STUDY OF ONE HUNDRED PATIENTS 
SUBJECTED TO SIMPLE EXOSTOSECTOMY FOR 
THE RELIEF OF BUNION PAIN 


BY ROBERT T. MeELVENNY, M.D., CHICAGO, ILLINOIS, AND 
FREDERICK R. THOMPSON, M.D., NEW YORK, N. Y. 

From the New York Orthopaedic Dispensary and Hospital 

The following study was undertaken in an attempt to evaluate the 
operation of simple exostosectomy. This procedure attempts to relieve 
the bunion pain by removing the projecting medial portion of the first 
metatarsal head. It does not correct the hallux valgus. 

Before starting the study of the operated group, many roentgeno- 
grams of feet exhibiting hallux valgus were reviewed. Some of the pa- 
tients showed hallux valgus on one foot and not on the other. From 
these preoperative roentgenograms, the following conclusions are drawn: 

1. The size of the exposed portion of the metatarsal head is approxi- . 
mately in direct proportion to the degree of great-toe valgus. 

2. In the majority of feet with hallux valgus, the first metatarsal 
heads show straightening of the medial border, and, in addition, many of 
the heads appear almost square (Fig. 1). The amount of new bone 

present, which changes the shape of 
the head or causes enlargement of it, 
rarely exceeds one-sixteenth of an 
inch in thickness. The changes that 
are seen in the shape of the first meta- 
tarsal head represent areas of pressure 
atrophy and absorption of the cortex 
with bone repair. The projecting 
medial portion of the metatarsal head, 
therefore, is not an exostosis in the 
true sense of the word. 

3. Many of these first meta- 
tarsal heads show circular punched- 
out areas just under the medial 
cortex. These areas represent sub- 
cortical fibrocystic degeneration of 
bone (Fig. 4- A). 

4. If the proximal phalanx main- 
tained its normal articulation with 

F ig . i the first metatarsal head, and did not 

Illustrates square appearance of met- subluxate laterally, there \\ oukl be no 
atarsal head. This foot is an ideal me dial prominence of the metatarsal 

example of the type suitable for simple , • rWelotl 

exostosectomy. head, and no bunion u ould dct eiop. 
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Fig. 2-A Fig. 2-B 

Calcification in buisae overlying first metataisal heads. 


5. The size of the bunion, as reflected in the soft-tissue outline in 
the roentgenogram, may be large or small, depending upon the degree of 
inflammatory reaction in the soft tissue. The bursa overlying the 
prominent portion of the metatarsal head occasionally calcifies (Figs. 
2-A and 2-B). 

The 100 patients in the group operated upon were examined by the 
authors from nine months to six years after operation. The average post- 
operative period for the whole group was thirty months. The series 
comprised ninety-two women and eight men. At time of operation the 
youngest patient was fourteen years of age, and the oldest was sixty-nine. 
No wound infection occurred in the 199 feet operated upon. These 
patients were not consecutive cases, because not all the patients who 
were asked to return did so. 

The operative technique used in these 100 cases may be described 
in general as follows: 

Under local or general anaesthesia, a two-inch dorsomedial incision 
is started one-half inch distal to the first metatarsophalangeal joint. 
This incision is carried proximally in a gentle curve to pass above the 
dorsal outline of the bursal sac and thence straight up the metatarsal 
shaft (Fig. 3, A). 

The dorsal vein is preserved and, in most instances, is retracted 
laterally. The bursal sac is excised if it contains calcareous material, is 
nodular, or is greatly thickened, but otherwise it is left intact. 

The capsule is incised in line with the skin incision. The joint space 
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Fig. 3 

Diagram illustrating operative procedure. 


is located, and the knife is carefully inserted between the medial side of 
the capsule and the joint space. The knife is kept close to the metatarsal 
head, while it separates the capsule from the bone for a sufficient length 
to expose the entire medial side of the metatarsal head and a small portion 
of the adjacent shaft (Fig. 3, B ). 

The amount of bone to be removed is determined from the gross 
appearance of the metatarsal head. The cartilage of the metatarsal head 
articulating with the phalanx is white, glistening, and smooth. The 
cartilage not functioning as articular surface is of darker color, dull in 
appearance, rough and spotty in distribution. A small vertical groove 
often accentuates the demarcation between these two areas. 

The osteotome is placed on the metatarsal head in such a manner 
that it is parallel to the vertical axis of the metatarsal shaft and is 
pointing slightly medially. It is then driven through the bone, removing 
the whole medial portion of the metatarsal head not functioning as 
articular surface (Figs. 3, C and 5). 

In older patients, especially, splitting of the metatarsal shaft is 
guarded against by notching the cortex of the shaft where the osteotome 
will eventually come out, and by not using the osteotome as a lever. 

The bone is inspected. Any sharp edges are rounded off. AH loose 


pieces of bone are removed. 

The wound is closed in layers. Fine chromic gut suture is used fm 
the capsule, fine plain gut suture for the superficial layers, and silk for 


the skin. 

The toe is bandaged with the purpose of holding it toward a varus 
position and in slight plantar flexion. The wound is dressed the follow m 0 


day. Active toe motion is encouraged. 
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The sutures are removed on the tenth day, and the patient is allowed 
up in comfortable shoes. Physiotherapy is given, which consists of foot 
and toe exercises, massage of the feet, and contrasting foot baths. 

THE RESULTS 

A. Satisfactory 

In this series of 100 patients, seventy-seven were entirely relieved of 
all bunion pain and discomfort. Eleven patients had vague aches and 
pains about the first metatarsophalangeal joints which suggested ar- 
thritis. The ages of these latter patients varied widely, and no absolute 
cause for their mild discomfort could be determined. All eleven of these 
patients were pleased with the operation, and considered the results 
excellent. We consider that these eighty-eight patients had satisfactory 
results because they were contented with the operation and would 
recommend it to others. 

Course After Operation 

1. Length of Disability: The average time before close-fitting shoes 
were worn was six weeks. The majority of patients did not return to 
work until seven weeks after operation. Many stated they were more 



Fig. 4- A 

Illustrates marked degree of hallux valgus w ith dislocation of second toe on left. 
Arrow points to area of subcortical fibrocystic degeneration. Note marked rota- 
tion and marked subluxation of great toes w ith displacement of sesamoid bones 
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comfortable three weeks after operation than they had been before 
operation. Many others contended that they could have gone to work 
earlier if necessary. Eight to ten weeks after operation all evidence of 
callosity and bursa had disappeared from the exostosectomy site. 

2. Great-Toe Motion: Before operation many patients, particularly in 
the older group, showed osteo-arthritic changes such as slight lipping of 
the joint margins. The motion existing before operation, which in every 
case was ample, was not diminished by surgery more than 10 degrees in 
any case. This loss of motion was clinically insignificant. 

3. Metatarsalgia: Many feet with hallux valgus show pronated rear- 
feet, splayed and supinated forefeet, and hypermobile first metatarsal 
bones. When these people stand, an undue portion of the body iveight is 
borne on the second and third metatarsal heads. This leads to varying 
degrees of metatarsalgia. Some patients complained of this condition 
before operation, but apparently, in most of the patients, it was absent or 
overshadowed by the bunion pain. Following recumbency in bed and 
relief from bunion pain, metatarsalgia for a few weeks became, with a 
number of patients, a predominant complaint. Physiotherapy and cor- 
rectly fitted metatarsal pads aided these patients. 



Fig. 4-B 

Same case as show n in Fig 4-A, tw o months after simple bilateral e\oatosectom> 
of first metatarsal head and amputation of second left toe 
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4. Roentgenographic Findings After Operation: By comparing the pre- 
operative x-rays with those of the same feet taken one to six years after 
operation, it was found that the configuration at the exostosectomy site 
remained about the same. A thin layer of surface condensation at the 
exostosectomy site marked the area of bone repair. This layer never 
exceeded one-thirty-second of an inch in thickness. There were no 
changes suggesting sclerosis of bone or osteo-arthritis as are so frequently 
seen following partial transverse resection of the metatarsal head. 

In many instances, the degree of hallux valgus was measured from 
comparable roentgenograms taken before operation and at the time of the 
last examination. The degree of hallux valgus was found to be prac- 
tically the same as before operation. 

Splaying of the forefoot, as measured from these roentgenograms, 
was found to be mild, and in none of these eighty-eight cases an im- 
portant factor. 

B. Unsatisfactory 

The remaining twelve patients presented disappointing results. 
Eleven of these patients had both feet operated upon. Of the twenty- 



Fig. 4-C 


Same case as shown in Figs. 4-Aand 4-B, four months after simple exostosectomy 
and amputation of second left toe. Both feet were painful, with dislocation of left 
great toe. Note how the sesamoid bones have shifted in position. 
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Fig. 5 

Roentgenogram taken one year after 
exostosectomy. Arrow points towards 
loose piece of bone not removed at 
time of operation. Note extent of 
exostosectomy, and that the exosto- 
sectomy site blends with the metatarsal 
shaft. 



Fig. 6 

Illustrates inadequate removal of 
medial side of first metatarsal head. 
This prominence was later removed 
with complete relief of symptoms. 
Note also exostosectomy of fifth meta- 
tarsal head. 


three feet operated upon, nineteen were painful. The cause of the pain 
and disability following operation was due either to a faulty selection of 
the patient for this operation (three cases), or to some fault in operative 
technique. 

1. Selection of the Patient: From the study, we conclude that pa- 
tients subjected to simple exostosectomy should fulfill the following 
requirements: 

a. The patient should be interested primarily in the relief of 
bunion pain, not in the correction of the deformity. 

b. Circulation in the feet must be adequate. 

c. Sesamoiditis should not be present. Failure to observe this 

condition previous to operation may at times influence one to regard this 
operation as the cause of the sesamoid pain. Usually this is not the case. 
Careful examination and special roentgenographic views for the study of 
the sesamoid bones before operation will help one to rule out this con- 
dition (Fig. 8). . 

d. The great-toe motion at the first metatarsophalangeal join 
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Fig. 7-A Fig. 7-B 

Illustrates too generous removal of Same foot as in Fig. 7-A, one year 
medial side of first metatarsal head after trimming of prominent phalangeal 
without trimming of adjacent pha- base. Excellent great-toe motion. Pa- 
langeal base. The prominent phalan- tient completely relieved of pain and 
geal base was responsible for the persist- discomfort, 
ence of symptoms. 

should be free and painless. Great-toe motion should be considered 
definitely limited when the great toe will not dorsiflex passively through 
an arc of at least 50 degrees on the metatarsal shaft. Passive enforcement 
of this motion should not cause pain. In estimating the dorsal range of 
great-toe motion, the first metatarsal bone must not be supported or 
elevated. Roentgenograms of feet with limited great-toe motion fre- 
quently show osteo-arthritic changes or osteophyte production, con- 
tributing to the limitation of great-toe motion. These feet should not 
be chosen for simple exostosectomy. 

e. The hallux valgus should be under 50 degrees when estimated by 
the angle which the great toe makes with the metatarsal shaft. Further, 
the anatomical relationship between the great toe and the second toe must 
be normal. If the great toe overlies or underlies the second toe, or if the 
second toe is cocked up, is absent, or needs to be amputated, a simple 
exostosectomy is not indicated. If this operation is done, marked in- 
crease in the hallux valgus may occur. This increase in valgus may 
become so pronounced as to cause lateral dislocation of the great toe on 
the metatarsal head (Figs. 4-A, 4-B, and 4-C). 
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Fig. 8 


Special sesamoid view, taken to show prominent medioplantar border on right 
first metatarsal bone. Note how site of exostosectomy has been gouged out, leav- 
ing a prominent ridge on the medioplantar border. The left first metatarsal shows 
a satisfactory exostosectomy. Note the smooth flat surface with well-rounded 
medioplantar border. (Compare with Figures 3, D and 3, E.) 

f. If the above are considered, advanced age in itself does not 
contra-indicate the procedure. 

2. Operative Faults: 

a. The failure to remove a loose bone spicule at time of opera- 
tion may lead to a painful bony nodule (Fig. 5). 

b. Inadequate removal of the medial side of the metatarsal head 
may result in the bunion persisting. The most common place where 
insufficient removal occurs is the dorsomedial portion of the metatarsal 
head. This bony prominence may be unduly pressed by the shoe, and 
a small painful bunion may result (Fig. 6). 

c. Too generous removal of the medial side of the metatarsal head 
may cause the medial side of the base of the first phalanx of the great toe 
to be prominent, and cause pain from shoe pressure (Fig. 7- A). This can 
be avoided if careful palpation of the phalanx and the cut surface of the 
head is done at operation, and the two surfaces made flush with each other 
(Fig. 7-B). With hallux valgus, the sesamoids are displaced laterally 
to a greater or lesser extent. If the exostosectomy is correctly done an 
not too much of the head is removed, no fear of removing the articulating 
surface for the medial sesamoid need be entertained (Fig. 8). 

d. The most frequent cause of persisting pain due to operation, an 
the mistake that is most easily made, is leaving a sharp medioplantar 
border on the first metatarsal head. This is caused by an inadequa c 
chisel cut that fails to take off the complete side of the metatarsal hea • 
The result is that a cortical ridge is left on the medioplantar bor er o 
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metatarsal head (Fig. 8). That the pain is caused by shoe pressure 
against this ridge is demonstrated by the fact that these people can walk 
bare-footed without pain. The point of tenderness occurs most fre- 
quently where one expects the medial sesamoid to be, only to discover in 
the roentgenogram a prominent medioplantar border with the medial 
sesamoid well lateral to it (Fig. 8). Removal of this prominent ridge 
gives complete and permanent relief from pain. If the medioplantar 
border of the metatarsal head is exposed, and this area is rounded off at 
the time of exostosectomy, the prominent ridge will be avoided (Fig. 3, E). 

3. Roentogenographic study of these feet showed the following: 

a. The hallux valgus increased in those cases where abnormal 
anatomical relationship existed between the first and second toes, or in 
those where the hallux valgus was 50 degrees or over. In these cases, 
the splay of the foot also increased. 

b. If the roentgenogram immediately after operation showed a 
prominent medioplantar border, subsequent roentgenograms showed the 
same condition. In no case did a prominent bony ridge develop spon- 
taneously after operation. 


CONCLUSION 

Simple exostosectomy is a satisfactory procedure for the relief of 
bunion pain. It has a definite place among the operations for painful 
bunion. The operation seems to the authors to be most applicable to 
those people with a mild to moderate degree of hallux valgus, who are 
beyond the third decade of life, and in whom correction of the hallux 
valgus is not essential. 
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THE LOCAL USE OF SULFANILAMIDE IN VARIOUS 

TISSUES * 

BY J. ALBERT KEY, M.D., CHARLES J. FRANKEL, M.D., AND 
THOMAS H. BURFORD, M.D., ST. LOUIS, MISSOURI 

From the Department of Surgery of the Washington University School of Medicine, St. Louis 


A review of the literature on sulfanilamide is beyond the scope of 
this paper, but certain facts in connection with this drug should be men- 
tioned. Most of these have been gleaned from the literature and some 
from our own experience. We believe that the following may be accepted 
as true : 


1 . When the drug is administered by mouth or parenterally to man 
or to laboratory animals it enters the blood stream and is excreted rather 
rapidly. 

2. When sulfanilamide is given in therapeutic doses, the blood of 
the recipient becomes bacteriostatic for beta-hemolytic streptococci and 
for certain other susceptible bacteria. As a result, many patients in- 
fected with susceptible bacteria recover when the drug is administered. 
Likewise, laboratory animals treated with sulfanilamide survive lethal 
doses of susceptible bacteria. 

3. Since the drug is excreted rather rapidly, effective treatment 
requires that the dose of the drug be repeated about every four to six 
hours and that an adequate concentration (about ten milligrams per 100 
cubic centimeters) be maintained in the blood until the infection is 
eliminated. This means that the drug must be continued for several days 
after the disease has apparently been arrested, as living but static or 
dormant bacteria may still remain in the tissues and may begin to grow 
and reproduce the disease. 

4. In therapeutic doses the drug is slightly toxic to most patients 
and is very toxic to certain patients who are hypersensitive to it. How- 
ever, it is to be noted that the few fatalities which have been recorded in 
the literature have occurred rather late in the use of the drug and m 


patients who have received from 30 to 100 grams of sulfanilamide. 

5. The manner in which sulfanilamide acts is not known. It affects 
the bacteria directly, and does not increase the resistance of the infecte 
animal. Consequently, the drug must come in contact with the bacteria 


in the animal body. , 

6. In therapeutic doses the drug is not bactericidal. It mere ) 
inhibits the rate of growth of susceptible bacteria which are then e mu 
nated by the natural resistance of the animal. Consequently, Peatmen 
of the disease may be rendered more effective by measures, such as im 
mune serum, which increase the resistance of the animal. 

* Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, on May 9, 1940. 
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7. The drug diffuses from the blood into the body cavities and into 
the tissues of the animal. The concentration probably varies in different 
tissues, but it is less than that present in the blood at the same time. 

8. The drug exerts its principal effect on generalized infections and 
has relatively little effect upon local lesions. 

9. The results obtained by the administration of sulfanilamide to 
infected animals cannot be obtained by exposing bacteria to similar con- 
centrations of the drug in culture media. However, studies of the action 
of sulfanilamide in vitro have shown the following: 

(1) The effectiveness of the drug varies in different media and a 
small amount of peptone or peptone-like substances in the medium greatly 
decreases the power of the drug. In other words, if bacteria are grown in 
an unfavorable peptone-free medium and then subjected to low concen- 
trations of sulfanilamide, the action of the sulfanilamide on the bacteria 
under these conditions may approach that which is obtained by the low 
concentration present in the blood of infected animals that have received 
the drug in therapeutic amounts. 

(2) The effectiveness of the drug varies directly with the con- 
centration present in the medium and high concentrations of the drug 
may be bactericidal, especially if the medium is one which is favorable 
to the action of the drug and is unfavorable to the growth of the bacteria. 

(3) The effectiveness of the drug varies inversely with the number 
of bacteria present and a massive implant of bacteria may grow in a 
concentration of the drug which would prevent growth of a small inoculum. 

(4) When the bacteria are exposed to the drug there is a period 
of from six to eight hours during which the bacteria continue to multiply 
before the drug begins to act. 

(5) An increase of even a few degrees in the temperature markedly 
increases the power of the drug, and bacteria which are killed when exposed 
to a given concentration of the drug at 40 degrees may grow well in a 
similar concentration of the drug at 37 degrees. 

(6) The drug is highly selective and in 1 herapeutic concentrations 
it has little or no effect upon many pathogenic organisms. However, 
high concentrations of the drug may inhibit the growth of staphylococci 
and of Welch’s bacilli which are not affected by the concentrations ob- 
tainable in the blood of treated animals. 

(7) The drug neutralizes the toxins of certain pathogenic bacteria, 
notably the staphylococcus and Welch’s bacillus. 

During the past year we have been interested in the local effects of 
sulfanilamide, both as a preventive of infection in contaminated and clean 
operative wounds and as a method of treating wounds which are infected. 

The local use of the drug was first brought to our attention about 
three years ago by Knowles 1 who told one of us that he had been injecting 
neoprontosil solution into the tissues around wounds where lie feared ga-; 
gangrene might develop and that he had also injected it into the muscles 
and subcutaneous tissues of wounds in which gas gangrene had developed 
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following operative drainage or amputation. He said that he had been 
satisfied with the use of the preparation in this manner. We were also 
impressed by the results which Jensen, Jolmsrud, and Nelson'- obtained 
by the local use of sulfanilamide in compound fractures. Making no 
other change in their technique of debridement, suture, and after-treat- 
ment, they had reduced the incidence of infection in compound fractures 
from an average of 27 per cent, to only 5 per cent. One cannot fail to be 
impressed by such figures, and we have routinely used the drug in con- 
taminated wounds during the past year. However, we have also used 
the drug in clean wounds, not routinely, but especially in operations where 
there was considerable damage to the tissues and where foreign materials, 
such as bone grafts and wire or screws, were left in the wound. In 
other words, we have endeavored in certain instances to make our surgery 
bacteriostatic rather than aseptic or antiseptic, and our clinical results 
have been satisfactory. However, before using the drug in clean wounds, 
the following two points should be settled: (1) Should the drug be steril- 
ized before it is placed in the wound, and (2) Does the drug damage the 
local tissues? 

In attempting to answer the first question wo placed an excess of the 
drug in culture media and inoculated this with various concentrations of 
streptococci, staphylococci, and Welch’s bacilli. When these were in- 
cubated at 37 degrees centigrade, bacterial growth was inhibited in all of 
the tubes during the first forty-eight hours, but only the streptococci 
were killed while the other organisms continued to grow. Consequently, 
we believe that the drug should be sterilized and we have done this by 
placing the dry powder in a flask and putting it in the autoclave. This, 
we realize, is not an adequate sterilization for bacteriological purposes, but 
it appears to be satisfactory for clinical purposes, where we combine the 
bacteriostatic action of the drug with the clearing mechanism of the 
wound in which it is to be placed. A few bacteria may survive and be 
carried in with the drug, but their growth will be inhibited and the deal- 
ing mechanism of the patient will take care of them without difficulty. 

In answer to the second question, we first attempted to determine 
whether or not local implantation of sulfanilamide interfered with the 
healing of the bone. In a series of experimental fractures in rabbits we 
were not able to determine that those in which sulfanilamide had been 
implanted in the wound at the time of the fracture healed any different y 
from the similar control fractures in the opposite leg of the same anima . 
However, we have noted in clinical cases that more fluid tended to co ec 
in wounds in which sulfanilamide had been implanted than was usua m 
similar clean postoperative wounds. This fluid was dark red in coloi an 
occasionally drained out through small openings between the skin u ges 
Usually, however, the skin wound remained closed and the fhuc was 


absorbed. . 

It thus appeared that sulfanilamide did have some slight c c e eI1 ^ 
action on the healing of the wound. Consequently, we decicec 


the journal or hone and 


JOINT SURCI.Ity 



THE LOCAL USE OF SULFANILAMIDE IN VARIOUS TISSUES 


955 


periment with a series of animals, implanting the sulfanilamide in various 
types of wounds and studying these wounds both macroscopically and 
microscopically in an attempt to determine if it seriously damaged the 
tissues or interfered with the healing of those tissues. We were especially 
interested in its effect on the lining of joint cavities and on the articular 
cartilage. Two series of experiments were performed. In the first 
experiment, fractures of two ribs were produced in each of twelve rabbits 
and sulfanilamide was placed in one wound before it was sutured, but not 
in the other. In the same animal one knee joint was opened and the in- 
cision was extended downward to expose the anterior tibial tendon. This 
tendon was cut and was then sutured with fine silk. Sulfanila mi de 
powder was placed in the knee joint and around the suture of the tendon 
and the wound was closed with silk. A similar operation without im- 
planting sulfanilamide was performed on the other knee as a control. In 
two animals the control knee became infected and the experiment had to 
be repeated. The animals were sacrificed at intervals of from one to 
fifteen days. The tissues of the joints and ribs were then examined 
macroscopically and were studied microscopically. In none of the experi- 
mental animals were we able to note from our macroscopic examination 
that the sulfanilamide in the wound had any deleterious effect except 
possibly to delay the primary healing during the first few days. It was 
our impression that in the wounds containing sulfanilamide there was apt 
to be more fluid in the tissues and there seemed to be more bleeding in 
the tissues after the wound was closed. Apparently the sulfanilamide 
interfered slightly with the formation of the blood clot, and in some of 
these wounds in the first few days there was a soft gelatinous clot which 
was not as firm as were similar clots in wounds which did not contain 
sulfanilamide. 

Likewise, in our microscopic study of the tissues we were not able 
to detect any constant differences in the two sets of wounds, — that is, 
we found that healing progressed at about the same rate in the wound 
into which sulfanilamide had been inserted as in the control wound. 
There was no difference in the amount or type of callus in the early frac- 
tures of the ribs which were studied. All of the wounds contained 
leukocytes and fibroblasts in approximately the same amounts as did the 
control wounds for the same period. In the later wounds the scar-tissue 
formation in the wounds treated with sulfanilamide appeared to be about 
the same as that present in the control wounds of the same type. We 
were particularly interested in the changes of the knee joints and in these 
we found that after our operation there was a definite synovial irritation 
with blood and exudate in the joint during the first few days. In the 
vascular and fatty areas of the synovial membrane, the synovial cells 
were slightly increased in size and number and the subsynovial tissues 
were slightly infiltrated with leukocytes and round cells, and there was 
also some dilatation and engorgement of the veins and capillaries near 
the synovial surface. This occurred even in areas on the opposite side of 
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the joint from the suture line. However, these changes were no more 
marked in the joints which contained sulfanilamide than they were in 
those which did not, and by the end of the tenth or twelfth day the joints 
had returned to about their normal appearance. 

Likewise, in the experiments in which the tendon was sutured, the 
tendons appeared to unite just as well in the sheaths containing sulfanila- 
mide as in the others. 

In a second experiment, we produced operative wounds in muscles, 
subcutaneous tissues, fasciae, and joints of twelve dogs. Each wound was 
controlled by a similar one in the opposite leg, but in the experimental 
wounds a relatively large amount of sulfanilamide powder was placed 
before they were sutured. These animals were sacrificed at intervals so 
that we had experimental wounds of from one to fifteen days’ duration. 
Gross and microscopic examinations of these wounds revealed no constant 
difference in healing between those which contained the sulfanilamide 
and those which did not. There was, however, the same tendency to 
excess collection of fluid in the early wounds. The wounds in the muscles 
treated by sulfanilamide appeared to heal at about the same rate as the 
control wounds and this was also true of those in the fascia and subcu- 
taneous tissue. Also, the joints of the dogs showed a low-grade inflam- 
matory reaction as did those of the rabbits, and this tended to disappear 
with the return to approximately normal condition by the tenth or twelfth 
day. In the dogs the inflammatory reaction was somewhat more ap- 
parent, probably because the wounds were larger, but it was no more 
marked in the wounds which contained the sulfanilamide than it was m 
f hose which did not. There was no evidence in any of our animals that the 
sulfanilamide in the joint had had any deleterious effect upon the articular 


cartilage. 

In order to test further the reaction of the joints to sulfanilamide, ve 
injected saturated solutions of this drug and 5-per-cent, solutions o 
neoprontosil into the knee joints of a series of rabbits. These experiments 
were controlled by the injection of normal salt solution into the joint of t ie 
opposite knee of each animal. Since the fluid had practically all disap 
peared at the end of the first day, these experiments were not c ^ u ^ c 
beyond the period of forty-eight hours, but several animals weie use "j ^ 
each drug. Here, too, there was slight irritation of the synovia inm c 
cells of the joints, — that is, they were slightly increased in sine and num 
and there was a small amount of subsynovial infiltration of leukocytes 
round cells in the vascular areas in the synovial surface. Iheie \\as 
some engorgement of the capillaries in these areas. How e\ ei, m 
joints also the reaction to the injected fluid was no more mai me in ^ 
joints with sulfanilamide than it was in the joints into which I1 ° ri . n ‘* truc _ 
solution had been injected, nor w r as there any evidence of actua < < ^ 

tion of the lining of the joints or damage to the articulai cat ti ( , en t. 
used neoprontosil because sulfanilamide is soluble to only a out ! 
while neoprontosil can be obtained in 5-per-cent, solution or n 
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Wc would have liked to experiment with much more highly concen- 
trated solutions of the drug, but could not do so because we were not able 
to obtain a suitable sulfanilamide derivative which could be used in solu- 
tion and which was soluble to more than 1 per cent. Some of the newer 
derivatives, such as sulfapyricline and sulfathiazol, can be obtained as the 
sodium salts, which are very soluble, — 33-per-cent, solutions of sodium 
sulfapyricline can be obtained for intramuscular injections, but this 
drug has a hydrogen-ion concentration of about eleven and is so alkaline 
that it would act as a severe irritant to the tissues. When it is injected 
intramuscularly in patients who cannot take the drug by mouth, it 
probably produces small aseptic abscesses in the muscles into which it is 
injected. Consequently, it would not be suitable for local use in joints. 

As a result of our observations we have felt free to implant sulfanila- 
mide at will in clean operative wounds provided the powder was sterile. 
The powder should be crushed if it is lumpy from sterilization and it should 
be spread thinly over the surface of the wound after hemostasis has been 
effected and just before the wound is sutured. Its collection into masses 
which act as foreign bodies should be avoided. In suturing the wound, 
dead spaces should be obliterated when possible. Where the wound is to 
be left open or partly open, as after operations for osteomyelitis, larger 
amounts of the powder are used. This is also true when it is used as a 
bacteriostatic agent in treating an open wound postoperatively. 

We have also injected saturated solutions of sulfanilamide into in- 
fected knee joints and have felt free to inject 5-per-cent, solutions of 
neoprontosil into infected knee joints. We have not yet arrived at a 
point where we have placed sulfanilamide in clean knee joints after opera- 
tions on semilunar cartilages, but we have routinely placed it in hip joints 
opened for arthroplasties and in other wounds, and have noted no un- 
toward effects. In fact, we have felt much more at ease in the post- 
operative course of these patients than we would have if we had not 
placed the sulfanilamide in the wound. 

In none of the patients in whom we have used the drug has there 
been any indication of a toxic effect, nor have we had any infections. 
Of course we might not have had any infections if we had not used the 
drug. 

It should be mentioned that powdered sulfanilamide in a wound is 
similar to a test-tube experiment in which a concentration of the drug of 
approximately 1000 milligrams is brought into contact with any bacteria 
which may be present in the media. In such concentrations the drug is 
effective against small numbers of staphylococci and of Welch’s bacilli, 
and against large numbers of streptococci. However, if the number of 
staphylococci or Welch’s bacilli is relatively large, infection may occur. 
Likewise, the drug is acting in a medium which is favorable to the growth 
of the bacteria and is unfavorable to the action of the drug, because 
tissues break down into peptone-like substances. However, since the 
drug exerts a neutralizing effect on the toxins of both staphylococci and 
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Welch’s bacilli, the amount of tissue breakdown is limited by the presence 
of the drug. Also, since the drug converts bacteria into a static or non- 
pathogenie phase in which they do not invade the surrounding tissues and 
do not multiply, these bacteria are taken care of by the normal clearing 
mechanism of the animal and are destroyed. When we consider the facts 
that local infected lesions contain large numbers of bacteria growing in a 
favorable medium which contains peptone-like substances and that only 
a relatively low concentration of the drug can be maintained in such le- 
sions, the reason that the systemic administration of sulfanilamide is not 
very effective against local lesions is obvious. 

CONCLUSIONS 

1. Sulfanilamide should be sterilized before it is placed in clean 
wounds. 

2. Joints and other tissues which we have investigated tolerate the 
drug very well. 

3. The powder slightly inhibits the primary healing of the wound, 
but not to such a degree as to contra-indicate its use in clean operative 
wounds. 

4. It may be used repeatedly in open infected wounds and does not 
seriously interfere with the healing of such wounds. 

5. We not only advocate the local implantation of sulfanilamide in 
contaminated wounds, but we also advocate its use in clinically clean 
operative wounds where infection is especially to be feared or would be 
particularly undesirable. 
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SULFANILAMIDE AND INTERNAL FIXATION IN THE 
TREATMENT OF COMPOUND FRACTURES * 

BY 4VILLIS C. CAMPBELL, M.D., AND HUGH SMITH, M.D., MEMPHIS, TENNESSEE 

The beneficial action of any bactericidal agent upon pyogenic infec- 
tion should be evaluated with extreme conservatism since, with or without 
any form of treatment, virulent infections may subside suddenly by 
crisis. The virulence of different strains of the same bacteria varies 
widely, and the defense of the individual against a given organism is un- 
predictable. A number of so-called cures have been advocated, — among 
them formalin, silver nitrate, mercurochrome, and gentian violet; these, 
however, have been proved harmful, of only slight value, or of no value at 
all. Unusual care, therefore, has been exercised in the evaluation of our 
results from sulfanilamide therapy in the treatment of compound fractures. 

The favorable influence of sulfanilamide therapy on such virulent 
infections as acute osteomyelitis and acute infectious arthritis, or infec- 
tions elsewhere through the body, have been reviewed and discussed ex- 
tensively in the literature. Our experience is confined chiefly to the pre- 
ventive or prophylactic action of sulfanilamide on infection in compound 
fractures. Fifty-four cases have been reviewed, including those wherein 
internal fixation was also employed. Prior to this study it was thought 
that fairly dogmatic conclusions could be reached. Complete and unbiased 
investigation, however, has demonstrated that this report must be re- 
garded as a preliminary one, although the evidence is sufficiently favorable 
to warrant further use of the drug. At the present time, a much larger 
and more comprehensive series of cases is being accumulated in which 
sulfanilamide, as well as other chemotherapeutic agents (sulfapyridine 
and sulfathiazol), are being utilized. 

The fractures in the fifty-four patients who received sulfanilamide as 
a prophylactic measure may be divided into three groups: (1) fresh com- 
pound fractures; (2) old compound fractures with a previous infection; 
and (3) compound fractures with an active draining infection. There 
were thirty-five in the first group, twenty-eight of whom were observed 
within the first twelve hours of the injury; consequently, no differentiation 
is made as to the element of time. In a portion of this series, from fifteen 
to twenty grams of sulfanilamide crystals were placed directly into the 
compound wound, and the wound was closed without drainage. After 
twenty-four hours sulfanilamide was continued by mouth, fifteen to 
twenty grains every four hours. Blood concentrations were made on 
the second and third days, and the dosage decreased if indicated. Cul- 
tures were not taken from the fresh wounds. Of the ten cases wherein 
infection developed, cultures revealed staphylococcus aureus in five, 

* Read by title at the Annual Meeting of the American Orthopaedic Association, 
Kansas City, Missouri, on May 9, 1940. 
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Fig. 1 

A. Roentgenogram of a compound fracture of the ulna of moderate degree, 
with fracture-dislocation of the head of the radius (Monteggia’s fracture). 

B. Roentgenogram, taken seven months later, shows practically normal function. 


Welch's bacillus in three, and streptococcus haemolyticus in one. In one 
instance the organism was not recorded. These figures would suggest 
that sulfanilamide had a less favorable prophylactic action upon staphy- 
lococcus and Welch's bacillus than upon streptococcic infections. 

The second group consisted of seven compound fractures, all of which 
had been infected, and had eventually healed with malunion or non-union. 
A> these fractures were treated elsewhere, the bacteriological findings o 
tiie initial infection were available in only one case, a combined stap iy 
lococcus and Welch’s bacillus infection. In such a group one could or- 
dinarily anticipate a flare-up of the infection in a small percentage 
cases following extensive reconstruction operations. Sulfanilami e or 
neoprontosil was administered routinely, the average dose being el °^ 
grains of the former or ten grams of the latter, for twenty-four to or 3 
eight hours prior to the operation, and for three to seven iay» ^ 
operation until there was no longer danger of infection. No in ec io 

ensued in these seven cases. . , (J f 

In the third group of fractures surgery was employed in the i* 
an active draining infection. The dosage of sulfanilamide or neo pro 
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Fig. 2 

A. Roentgenogram of a compound fractuie of the tibia (severe type) 
and fractuie of the fibula. Injury was sustained by an explosion of a 
stove. Fibula was plated thiough sepaiate clean incision. Compound 
wound was debrided, sulfanilamide crystals placed m the wound, and the 
skm closed with plastic flap. Piimary healing took place. Sulfanilamide 
was given by mouth for five days. 

B. Roentgenogram taken seven months later. 

was similar to that administered in the presence of compound fractures 
with latent infections. The bacteriological studies in this group showed 
staphylococcus aureus in three cases, staphylococcus haemolyticus in two, 
and streptococcus haemolyticus in two. The findings in five cases were 
not recorded. 

Prior to the introduction of vitallium, internal fixation by ordinary 
ferrous metal plates had been attended by so many undesirable and even 
disastrous complications that the method fell into rapid disrepute. The 
success of vitallium for internal fixation in selected simple fractures, 
however, led to the use of the metal in conjunction with sulfanilamide 
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TABLE I 

Results of Treatment in Eighty-Five Cases of Fresh Compound Fractures 


Results 

Sulfanilamide Therapy 

No Sulfanilamide 

Cases 

Average 

Time 

(Months) 

Cases 

Average 
Time 
( Months ) 


Per Cent. 

No. 

Per Cant. 

Not infected 

25 

71.4 


33 



Union 

IS 

51.4 

3.1 

28 

56.0 

2.7 

Non-union 

4 

11 4 


3 

6.0 


Incomplete 

3 

S.6 


2 

4.0 


Injected 

10 

28.6 


14 



Union 

4 

11.4 

2.7 

S 

16.0 


Osteomyelitis 

0 



2 

4.0 


Non-union 

3 

8.6 


0 



Amputation 

3* 

8.6 


2 

4.0 


1 neomplete 

0 

m ;-|nj 


2 

4.0 


Died 

0 0 



3f 3 



Totals 

35 35 

100.0 100.0 


50 50 




* Three patients had amputations for gas gangrene, one died three months later 
from other causes. 

t Two patients died from gas gangrene and one from streptococcic septicaemia. 


TABLE II 


Results of Treatment with Sulfanilamide in Mild, Moderate, and Severe 
Fresh Compound Fractures 


Results 

Mild 

Fractures 

Moderate Fractures 

Severe Fractures 

No Internal 
Fixation 

Internal 

Fixation 


Internal 

Fixation 

No Internal 
Fixation 

Not infected 

S 

6 

0 

5 

6 

Union 

6 

4 

0 

4 

4 

(Average time, 

months) 

Non-union 

(3.6) 

0 

(2.4) 

2 

0 

(3.5) 

1 

(3.0) 

1 

Too early 

2 

0 

0 

o 

1 

Infected 

0 

1 

1 

4 

4 

Union 1 

0 

1 

0 

1 


(Average time, 

months) 

Non-union 

Amputation . . 

0 

0 

(1.0) 

0 

0 

1 

0 

(4.0) 

2 

1 

(3.0) 

0 

1 

1 

Gas gangrene *. 

0 

0 

0 

0 

Totals 

s s 

7 7 

1 1 




* Patient diet! three months later from other causes; the gas gangrene had heal 
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Fig. 3 

A. Roentgenogram of a severe compound fracture of the tibia and fibula. 
Wound involved the knee joint with a six-inch exposure of the tibia. 

B. Roentgenogram showing open reduction and fixation by vitallium pin and one 
stainless-steel wire loop. The wound drained for several months with solid union 
in six months. 

in compound fractures. Some form of metallic internal fixation was ap- 
plied to thirty-one bones in thirty of the fifty-four patients to whom 
sulfanilamide was administered. Sixteen of the patients with fresh 
fractures had internal fixation; eleven of these had vitallium plates and 
screws; one, vitallium screws; two, stainless-steel nails; and two, stainless- 
steel wires. Of the seven patients who were found to have potentially in- 
fected fractures, fixation by means of plates was employed in three, and 
bone grafts held by vitallium screws in one. Ten of the twelve patients 
with actively infected fractures were treated by internal fixation: five, by 
vitallium plates (two bones were so fixed in one of these patients) ; one, 
by stainless-steel nails; one, by stainless-steel wire; two, by Steinmann 
pins which were incorporated in the cast; and one, by a vitallium screw. 

FRESH COMPOUND FRACTURES 

In order to evaluate the results of sulfanilamide therapy in fresh 
compound fractures, a comparative analysis has been made between 
this group to whom sulfanilamide was administered, and a similar, but 
larger control group in which this form of therapy was not employed. 
Unfortunately, we do not have available an older control group in which 
internal fixation was employed. The results of this study are summarized 
in Table I. 
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B 


Fig. 6 

.1. Roentgenogram of a compound fracture with active draining infection and 
multiple draining sinuses five months after an open operation in another hospital. 
After preoperative sulfanilamide therapy, sequestra and wires were removed, fractures 
reduced, and vitallium plates applied. Sinuses healed in four weeks. 

B. Roentgenogram taken six months postoperatively. 

An analysis of Table I shows that the percentage of infections in the 
control group and in the sulfanilamide group was approximately the same. 
The evidence, therefore, suggests that sulfanilamide has little effect on 
preventing infection. The average period of union in the sulfanilamide 
group wherein infection developed was two and seven-tenths months, 
however, as compared with five months in the control cases. This would 
suggest that sulfanilamide is definitely instrumental in arresting infection, 
although a much larger series of cases must be assembled before the evi- 
dence can be considered at all conclusive. The average time required 
for union of the uninfected fractures was slightly more than that for the 
control group. This feature might be accounted for by a possible differ- 
ence in the character of the fractures in the two groups, or by the fact 
that internal fixation, which may of itself delay union, was employed 
freely in those cases wherein sulfanilamide was given. The number of 
fractures which failed to unite was approximately the same in both 
groups. None of the patients who received sulfanilamide died as a result 
of a compound fracture, and in none did osteomyelitis develop; three, 
however, had amputations for gas gangrene. Of the patients in the con- 
trol group, three died, — two from gas gangrene, and one from strepto- 
coccic septicaemia; and in two osteomyelitis developed. 

Tin; Joints a i. of host; ani> joint MTiocin 
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Fig. 7 

A. Roentgenogram of a fracture of the femur of seven months’ duration, with 
multiple draining sinuses and large granulating wounds fiom loss of skin surface 
over anterior surface of the thigh. Sulfanilamide was administered before skeletal 
traction, open reduction, and the application of a vitallium plate. 

B. Roentgenogram taken eight months later. All wounds had completely healed. 


Since the possibility of infection in a compound fracture is commen- 
surate with the degree of laceration and maceration of the soft tissues, 
the thirty-five fresh compound fractures were further divided into mild, 
moderate, or severe. Those compound fractures with small wounds from 
penetration from within by the bone fragments were regarded as mild. 
No infection developed, no internal fixation was employed, and in six cases 
union took place in an average time of three and six-tenths months; in two 
others sufficient time has not elapsed to secure union. Prior to the dis- 
covery of sulfanilamide, one could reasonably expect healing of the 
wound without infection in this type of compound fracture; consequently, 
a successful outcome did not necessarily indicate a beneficial prophylactic 
action of sulfanilamide. 
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TABLE III 

Results of Treatment with Sulfanilamide of Seven Cases of Old Compound 
Fractures with Latent or Potential Infection 


Results 

1 

Internal Fixation. 

Xo Postoperative 
Infection 

Xo Fixation. 

Xo Postoperative 
Infection 

Cases 

Average Time 

Cases 

Average Time 

Union 

3 

1 

5 Months 

2 

1 

3 Months 

Too earlv 


Total 

4 


3 




The group of moderate fractures were those in which the laceration 
was fairly extensive, incident to protrusion of the bone fragments through 
the soft tissues, but wherein little or no dirt or foreign material had been 
introduced into the wound. There were eight of these fractures, in seven 
of which internal fixation was employed with primary closure of the wound. 
The average period required for union was two and four-tenths months. 
Three of the fractures failed to unite, in one of which no internal fixation 
was employed. One with internal fixation became infected, but the frac- 
ture united within one month. 

The third group, or severe fresh fractures, consisted of those with ex- 
tensive lacerations, penetrating wounds from without, considerable ex- 
traneous foreign material in the wound, and maceration of the tissues which 
necessitated extensive debridement. Shotgun wounds, with wadding and 
bird shot in the soft tissues, might cause such fractures. There were 
nineteen of this type; internal fixation was applied in nine, and conserva- 
tive methods were carried out in ten. The results are illustrated in 
detail in Table II. 


TABLE IV 

Re&ults of Treatment with Sulfanilamide of Twelve Cases of Compound 
Fractures with Active Infection 



Internal Fixation. 

Xo Fixation. 

Results 

Xo Postoperative 

Xo Postoperative 

Infection 

Infection 


Clines i 

i 

, 

Average Time 

j Cll8.C.S 1 

Average Time 

Union 

s 

5.3 Months 

i 

0 

4.5 Month- 

Too earlv 

o 

0 

_ 

Totals 

j 10* j 

2 

( 

. _ _ 


' Two bones were plated in one patient, making eleven instances of internal fixation 
with no infection. 
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TABLE V 

Results of Major Surgery with and without Sulfanilamide Therapy 

in 151 Cases 



With Sulfanilamide Therapy 

Without Sulfanilamide Therapy 

Results 

Not 

j Infected 

Potentially 

Infected 

Not 

Infected 

[ Potentially 
| Infected 


No. 

! 

Per Cent. 

No. 

Per Cent. 

No. 

Per Cent. 

No. 

Per Cent. 

Postoperative infection 

1 

3 0 

3 

16.7 

3 

6 0 

5 

10.0 

No infection 

32 

97 0 

15 

S3 3 

j 47 ! 

91.0 

45 

90 0 

Totals . . . 

33 

100.0 

IS 

100.0 

50 

100.0 

50 

100 0 


There was little difference in the average period of union between 
those with and without fixation. The chief advantage of internal fixation 
lay in the fact that better anatomical alignment could be secured and 
maintained, apparently without greater risk of the common complica- 
tions of delayed union, non-union, or infection. Furthermore, less ex- 
tensive forms of external immobilization could be employed, enabling 
the soft-tissue wound to be observed and treated more efficiently with- 
out fear of displacing the fragments. 

COMPOUND FRACTURES WITH LATENT OR POTENTIAL INFECTION 

In the seven cases with latent or potential infection, extensive opera- 
tions were employed, — such as the bone graft for non-union, open reduc- 
tion and internal fixation for malunion, or reconstruction. In all cases 
the wounds were closed, and primary healing took place without infection. 
No control group can be secured from our records, as such radical surgery 
has not been routinely employed in the past. Often it has been necessary 
to be content with considerable functional disability, rather than to take 
the chance of relighting a severe infection with disastrous results. 

In three cases internal fixation with vitallium plates was employed, 
in one, bone grafts were applied with vitallium screws; and in three, no 
internal fixation was used. Union occurred in five. In two a sufficient 
length of time has not elapsed to determine the final result. The average 
period of union in those with internal fixation was five months, while in 
the two without fixation union took place in three months. This difference 
may be explained by the fact that more extensive surgery was require 
for internal fixation, involving an impairment of the circulation secondaij 
to tearing away of the soft tissues. 

COMPOUND FRACTURES WITH ACTIVE INFECTION 

In this group active infection and draining sinuses, often associated 
with a mild elevation of temperature, had existed for from three to nine 
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months. In the presence of active infection, open reduction for malposi- 
tion with delayed union or non-union, with or without internal fixation, 
might be considered radical. Draining sinuses were dissected out, 
sequestra and detritus were removed from about the fracture site, and, 
following replacement of the fragments, the soft tissues were loosely 
closed. The results are demonstrated by Table IV. 

There were no undue or prolonged febrile reactions following opera- 
tion. In two of the patients a maximum temperature of 103.6 degrees 
developed, which rapidly subsided; of these, one had previously had a 
severe staphylococcus aureus infection, and the other had an old exten- 
sive draining gunshot fracture. In both of these cases wide soft-tissue 
dissection was required for internal fixation. Draining sinuses persisted 
in a number of cases for several weeks to months, but the wounds ulti- 
mately closed, and the bones united. In no case was it necessary to 
remove any of the plates, screws, nails, or wires. The results secured 
in these fractures with active infection were the most striking of the entire 
group in which sulfanilamide was administered. Unfortunately, no 
control group can be secured for a comparative analysis. It is well 
known, however, that any effort at radical surgery in this type of case is, 
as a rule, attended by a relighting of a more serious infection, which de- 
feats the purpose of the procedure. It would seem certain that better 
functional and anatomical results can be secured in a shorter space of 
time by these new measures than by the previous routine of long delay 
while the infection heals. With the bones in poor position, subsequent 
reconstruction operations are necessary. 

PROPHYLAXIS IN CLEAN AND POTENTIALLY INFECTED SURGICAL CASES 

In addition to the use of sulfanilamide in compound fractures, we 
have employed chemotherapy as a prophylactic preoperative measure to 
prevent postoperative infections in clean major surgical cases. Although 
infection develops in only a small percentage of clean cases where careful 
and efficient technique is employed, the great advantage of a reliable 
prophylactic measure is obvious. Particularly is this true when recon- 
struction surgery is employed in potentially infected cases, such as those 
presenting evidence of a former virulent osteomyelitis. There is no 
more distressing complication in extensive reconstruction surgery than 
infection. Any measure, therefore, which would prevent pyogenic in- 
fection, even though it is of infrequent occurrence, would be a godsend. 
In thirty-three major surgical cases attended by excessive trauma, and 
eighteen potentially infected cases, sulfanilamide crystals were placed 
in the wounds. Although the favorable results were in some cases of a 
dramatic nature, we do not believe that definite conclusions can yet be 
reached regarding this prophylactic treatment. A control group of 
analogous cases was secured from past records and compared with those 
in which sulfanilamide was used. Table V shows the findings of this com- 
parative study. 
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Infections developed postoperatively in 6 per cent, of the control 
cases in contrast to 3 per cent, of those in which sulfanilamide was ad- 
ministered. Of the potentially infected group, the infection was re- 
lighted in 10 per cent, of the control group, and in 17 per cent, of the cases 
wherein sulfanilamide was employed. Obviously, from these figures 
sufficient evidence is not present to warrant definite conclusions. Al- 
though there were 50 per cent, less infections in the clean surgical cases 
treated with sulfanilamide than in the potentially infected ones, the evi- 
dence presented by the control group apparently is not in favor of treat- 
ment or prophylaxis by sulfanilamide. Neither the number of cases nor 
the type of treatment was analogous, however, since with sulfanilamide 
more extensive reconstruction surgery was carried out in the face of 
possible infection than had previously been attempted. Nevertheless, a 
sufficient number of infections did occur to regard with scepticism the 
prophylactic benefit of sulfanilamide in this group. 

CONCLUSIONS 

1. The evidence presented does not prove definitely that sulfanila- 
mide either is or is not a preventive of infection in compound fractures. 
More definite conclusions can be reached only by a comparative analysis 
of at least 200 cases with a control group of an equal number of analogous 
cases from past records. 

2. Primary healing of mild fresh compound fractures obviously 
should be disregarded as evidence of any favorable action of sulfanilamide. 
In the severe and moderate types of compound fractures reported herein, 
certainly better anatomical and functional results were secured by in- 
ternal fixation in conjunction with sulfanilamide, without higher propor- 
tions of complications, than developed in comparable control groups 
wherein internal fixation and sulfanilamide were not employed. 

3. In seven consecutive cases with potential infection following 
compound fractures, extensive surgery was followed by more complete 
restoration of anatomical contour, without relighting of infection, than 
had been possible in the past. 

4. The beneficial influence of this drug was most striking in the 
group of actively infected fractures in which radical surgery had previously 
led to disaster. 

5. Far too many premature conclusions regarding the beneficial 
action of bactericidal agents are to be found in the literature. The pres- 
ent impression of sulfanilamide is favorable, but more extensive investi- 
gation must be carried out, not only with sulfanilamide, but with other 
chemotherapeutic agents, before an accurate evaluation is possible. 
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AMPUTATION AT THE KNEE JOINT * 

BY S. PEUUY ROGERS, M.D., CHICAGO, ILLINOIS 

The surgical operation of amputation at the knee joint is a little more 
than 100 years old. Its first great exponent was Velpeau, who, in 1830, 
collected fourteen cases and described an operative technique using a 
circular cuff closed in the sagittal plane. His collection included the first 
case recorded in America, performed by Nathan Smith in 1824. Steven 
Smith added ten American cases to the literature in 1852. Markoe 
added six additional New York cases in 1856, and claimed eight major 
advantages for the operation, every one of which is pertinent today. 
Brinton, in 186S, first distinguished between amputation “at the knee- 
joint” and “at the knee”. The latter term embraced all those pro- 
cedures in which the condyles were cut, and would now include, along with 
the Carden operation of his day, the osteoplastic operation of Gritti- 
Stokes and the tendoplastic operation of Callander. Otis collected 211 
knee amputations from the records of the Union Army in the War between 
the States and found a mortality rate much more favorable than that in 
amputation through the thigh. Watson published a book on amputations 
in 1885, praising this site of election and quoting a number of distinguished 
contemporaries of the same opinion. The terms “disarticulation”, “ex- 
articulation”, and “amputation in contiguity” were used to describe 
“amputation at the knee-joint”. 

During the past fifty years this site has fallen into neglect and dis- 
repute. It was little used in the World War of twenty-five years ago. 
Philip Wilson, Huard, Kurts and Hand, Eloesser, and Lee have con- 
demned it within the past decade. The latest handbook of the Associa- 
tion of Artificial Limb Manufacturers of America, dismisses the site as 
“impeding to successful prosthesis”. Two reasons for its decline in 
the latter part of the past century are negative reasons. With the use 
of anaesthesia the saving in time seemed less important, and with the 
advent of asepsis the danger of opening bone marrow and muscle bellies 
to infection was ignored. Many recent objections have been founded on 
concern for the leg-maker. The opinion current among surgeons, that 
an efficient and sightly prosthesis cannot be made for this amputation, is, 
however, no longer grounded in fact. Other recent objections founded 
on case reports of tenderness over the “floating” patella and of late 
atrophy and ulceration over the condyles are explained by funda- 
mental faults in the operation as heretofore performed. Two essential 
steps in the operation to be described are designed to prevent these two 
complications. 

The author’s approach to this problem has been functional, the object 

* Presented at the Annual Meeting of the American Academy of Orthopaedic 
Surgeons, Boston, Massachusetts, on January 24, 1940. 
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being to create a stump which would function in a manner as nearly like 
the normal lower extremity as possible. 

The primary function is weight-bearing, and the secondary function 
is locomotion, both of which depend on the relative absence of pain. The 
only tissues normally subjected to outside pressure are: finely tra- 
beculatecl cancellous bone, surrounded by a thin cortex, and covered by 
either hyaline cartilage or adherent periosteum; the tendinous origins or 
insertions of muscles; secretory pouches such as joint cavities and bursae; 
areolar connective tissue; and skin — the last two of a congenitally spe- 
cialized variety. The bel- 
lies of muscles and the cor- 
tical shafts of long bones 
are nowhere subjected to 
pressure. Weight-bearing, 
opposed to the vertical 
force of gravity, demands a 
horizontal body surface, 
and the larger this hori- 
zontal area is, the less pres- 
sure is required per unit of 
surface. Requisite for lo- 
comotion is the preserva- 
tion of the function of 




Diagram of fixation of patella by dovetail mortise. 
Left sketch shows anterior flap turned up cn manse, 
patella dovetailed by undercutting its edges into 
wedge shape wider at the lower pole (cephalad), 
mortise undercut into front of femur in wedge shape 
wider at bottom. Right sketch shows horizontal 
section of completed dovetail mortise. 


muscles remaining in the 
stump by retaining their 
natural length and their 
origins and insertions to 
bone. Locomotion in a 
stump demands effective 


motor leverage and lateral surfaces capable of transmitting such force 
to a prosthesis. Finally, a prosthesis must be turned and lifted as well 
as propelled. 


The following technique for amputation at the knee joint includes 
three essential features: creation of a terminal flap from tissues normally 
subjected to external pressure; fixation of the patella to the front of the 
femur at a level serving to increase the horizontal end-bearing surface 
area; and suture of the hamstring tendons to the tip of the patellar tendon 
in the posterior intercondylar notch. The operating room set-up de- 
scribed by Callander is recommended, — that is, the patient supine, the 
knee flexed, and the operator on the side opposite the extremity. It a ' 
lows easy access to the popliteal space through the cleft between the 
adductor longus and the inner hamstrings. A tourniquet may be omittec . 
A broad anterior flap extends one inch below the tibial tubercle, anc a 
broad posterior flap one inch below the flexion crease. The length of t ie 
flaps depends somewhat on the obesity of the patient and on the hea t y 
tissues available; the object is to cover the condyles snugly. Retraction 
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of muscles and the consequent need for excessive length of flaps are 
avoided by attaching all tendons to bone. 

Deep dissection proceeds from the inner side first. The tendons of 
the four inner hamstrings are exposed in order, identified with Allis 
forceps, and cut low down. The popliteal artery is now accessible, 
and is ligated just below 
its superior geniculate 
branches. The tibial 
nerve is ligated, injected 
with alcohol, and cut. 

The common peroneal 
nerve may be dealt with 
in a similar manner at this 
time or reached from the 
outer side later. The 
outlines of the anterior 
flap are carried through 
the deep fascia and re- 
flected en masse. The 
patellar tendon is freed 
as close to the tubercle 
as possible. Skin, fascia, 
patellar tendon, and sy- 
novial membrane are re- 
flected in one undisturbed 
full thickness. The ten- 
don of the biceps femoris 
and the iliotibial band are 
identified with Allis for- 
ceps, and cut low down. 

The short posterior flap 
is reflected upward; the lateral and crucial ligaments are cut close to the 
femur; and the leg is separated from the thigh by stripping the heads of 
the calf muscles from the femur. 

Function of all of the muscles motivating the thigh is preserved by 
attaching all of the tendons under normal tension to the end of the stump. 
The patellar tendon reaches well back into the intercondylar notch, and 
may simply be sutured to the ends of the hamstring tendons in that loca- 
tion. However, fixation of the patella to the front of the femur, with its 
lower pole on a level horizontal with the lower surfaces of the condyles, 
serves to increase further the size of the horizontal end-bearing surface. 
To accomplish this fixation a dovetail mortise is recommended, the patellar 
dovetail being slid up from below and retained by the tension of the 
quadriceps. As an alternative procedure, the apposing cartilaginous 
surfaces may be denuded, and the patella fixed with a vitallium nail. 
The ends of the hamstring tendons, still identified by forceps, are next 



Fig. 2 

Lateral roentgenogram of stump, showing patella 
fused to front of femur, its lower pole forming a third 
point of bony support in the same horizontal plane 
with the lower surfaces of the condyles. 
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Fig. 3 

Photogiaph of stump aftei one year 
of function in piosthesis. Note mini- 
mum degiee of musculai atiophy. 
Also note tuangulai and bulbous shape 
of tip, which is useful in lifting the 
pi osthesis and in conti oiling its 1 otation. 



Fig. i 

End of stump after one yea'’ of func- 
tion. Note size of end-bearing suiface 
aiea suppoited by three bony pi em- 
inences, and composed of tissues adapted 
to piessuie. 


securely sutured to the tip of the patellar tendon. The biceps and three 
of the inner hamstrings may be so secured, while the sartorius and the 
iliotibial band may be conveniently sutured to the fascial layer of the 
edges of the anterior flap. 

No excision of synovial membrane, or denudation of synovial carti- 
lage is performed, and no drains are necessary. The flaps are trimmed 
to fit snugly, and the fascial layers are closed with interrupted catgut, 
and the skin with interrupted silk. Dry gauze dressings are applied, and a 
simple pressure pad over the end of the stump is attached by four strips of 
adhesive tape to the skin of the thigh. No cradle is used to protect the 
stump from the weight of bedclothes. Pressure exercises, such as step- 
ping on a padded chair, may be started two weeks after operation, and 
within six weeks the stump should be ready for walking in a permanent 
prosthesis. A pylon is not recommended. 

This amputation presents surgical advantages recognized a century 
ago and still sound. The avoidance of cutting through bone makes the 
operation easy and rapid; minimizes surgical shock; and avoids both 
opening medullary bone to infection, and stirring up fat embolism. By 
not severing any muscles in their fleshy bellies, paths for infection 
are not opened up within their sheaths. The resulting stump fulfills the 
requirements for function in the following ways: 
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Fig. 5 


Fig. 6 


Prosthesis applied. Note leather 
socket padded at the bottom, en- 
tered at the front, and laced up 
like a shoe. Elastic harness from 
pelvic girdle replaces action of 
quadriceps muscle in extending 
knee. 


Prosthesis applied, patient sitting. Note 
that limb is not undesirably bulky about the 
knee, and that the thigh does not appear 
longer than its fellow. 


1 . It provides the largest horizontal end-bearing surface area avail- 
able in the lower extremity. 

2. The bone, soft tissues, and skin at the end of the stump were all 
previously adapted to weight-bearing. 

3. The terminal integuments subjected to pressure are not sub- 
jected to tension. 

4. Muscular control of the stump is achieved by preserving the 
length and attachment of every muscle motivating the thigh. 

5. Excellent leverage can be exerted on a prosthesis because the 
stump is long and because its terminal circumference is both firm and 
insensitive. 

6. The triangular tip, composed of patella and two condyles, assures 
control of rotation of the prosthesis. 

7. The bulbous shape of the tip allows the stump to lift a prosthesis 
as the foot lifts a shoe. 

8. Atrophy is minimized by preserving the function of most of the 
muscles left in the stump, and by the early use of a permanent prosthesis. 
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9. Vascularity of the terminal tissues is unexcelled. Ligation of the 
popliteal artery below its superior geniculate branches leaves the richest 
system of arterial anastomoses available in the extremity. The greater 
part of the terminal flap comes from in front of the joint space and there- 
fore already has a blood supply independent of its underlying tissues. 

10. Preservation of the lower femoral epiphysis, accountable for 90 
per cent, of growth of the femur, allows normal development of the stump 
following amputation in childhood. 

The prosthesis suitable for this amputation must meet certain speci- 
fications. The socket should fit the stump snugly to within two inches of 
the perineum, with allowance for one inch of felt in the bottom of the 
socket. The diameter of the stump is greater at the condyles than im- 
mediately above them; therefore the socket must be entered from the 
front and laced up like a shoe. The lower third of the socket should be 
rigid, to prevent the sides from squeezing together when pressure is ex- 
erted on the bottom. Side joints must be used, to equalize the lengths 
of thigh and leg. The prosthesis may be vised without harness, but elas- 
tic straps from a simple pelvic girdle to ( the outer side of the thigh socket 
and to the front of the shin piece serve to increase stability and to quicken 
the step. 

Summaries of twenty-three amputations in twenty-two patients are 
available for analysis. For twenty operations the author is directly or 
indirectly responsible. In seven of these the technique described was fol- 
lowed exactly, and in the remainder it included at least two of the three 
steps indicated as essential. All were performed between April 1933 and 
November 1939. The ages of the patients ranged from six to seventy- 
three years; eight were under twenty and four were past sixty. Analysis 
of the causes for amputation shows a preponderance of operations per- 
formed for the relief of chronic disability. Only four were primary ampu- 
tations following severe trauma. One w r as for osteogenic sarcoma of the 
tibia. Five were necessitated by vascular disease; two for arteriosclerotic 
gangrene, and one each for thrombo-angiitis obliterans, diabetic gan- 
grene, and polycythaemia vera. Thirteen were done to relieve patients 
of hopeless deformity, congenital or post-traumatic, or of intractable bone 
infection. Four were reamputations. 

There was one death in the series, — a forty-year-old man, whose stump 
had healed by primary intention, died of streptococcus septicaemia eight 
days after his second reamputation for chronic osteomyelitis. Mmoi 
sloughs occurred in three suture lines, — in two because the flaps were cut 
too short in obese patients, and in the other because of old scar tissue in t ie 
flaps. Late complications of a minor nature developed in three cases. 
Ulceration over one of the condyles developed in one case because of o c 
scar tissue previously deprived of its sensory nerve supply, and in ano ei 
case in which the hamstring tendons were not anchored, ftecurren 
tenderness over the patella developed in one case in which the patel a uas 
not anchored. Excluding the one death and two elderly patients opei 
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ated on less than three months ago, every one of the remaining nineteen 
patients has been able to use a prosthesis successfully. Eight used 
pylons for short periods. Five walked on some kind of prosthesis one 
month after amputation, and five more used prostheses within two 
months. The problem has been to obtain artificial limbs rapidly enough, 
rather than to prepare the stumps for their use. One patient does man- 
ual labor on bilateral prostheses. Another patient, with a satisfactory 
amputation on the opposite side at the recognized site of election in the 
leg, considers the side amputated at the knee joint his more serviceable 
extremity. In all cases more than six months old, three-fourths of the 
patients have returned to occupations as strenuous or more strenuous 
than those pursued previous to amputation. All the six patients under 
fifteen years of age have demonstrated continued growth of their stumps 
without atrophy or ulceration of the terminal integuments. 

The author is grateful for the contribution of one or more cases to this series by 
each of the following surgeons: Toufick Nicola, Paul C. Colonna, George J. Garceau, 
Ralph M. Carter, Claude N. Lambert, Frank G. Murphy, Walter R. Fischer, and 
Will F. Lyon. 
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INJURY TO INTERVERTEBRAL DISCS DURING SPINAL 

PUNCTURE 


BY MOSES GELLMAN, M.D., BALTIMORE, MARYLAND 
From the Surgical Department ( Orthopaedic Division) of the Sinai Hospital, Baltimore 


Routine diagnostic spinal puncture is generally regarded as a rather 
innocuous, though moderately uncomfortable, procedure, and probably 
is, in the vast majority of cases. Considering the number of punctures 
performed annually by individuals of varying experience and skill, and 
the paucity of reported complications incident thereto, one is led to be- 
lieve that spinal tapping is indeed relatively free from danger. Occasion- 
ally local accidents, such as the breaking of a needle after entry, are worri- 
some. The advent of any degree of infection is always a perilous sequel. 
So-called dry and bloody taps are usually ascribed to ineptness on the part 
of the operator, — and promptly forgotten. Yet, according to Pease, even 
following a successful puncture, many people complain of pain in the 
lower back and little significance is attached to the origin of this com- 
plaint. It is dismissed as a necessary inconvenience. 

As a matter of fact, Pease, in performing lumbar punctures on cada- 
vera, learned that he could not always determine when the point of the 
needle was actually in the neural canal or past it, even when it struck the 
intervertebral disc and penetrated it (Fig. 1). Experimentally he found 
that the most common sites for the final landing-place of the instrument 
when pushed beyond the neural canal were: (a) intervertebral discs, (b) 
vertebrae, (c) interarticular facets, and (cl) venous sinusoids in the verte- 
bral body. Levinson listed as one of the causes of a dry tap, introduction 
of the needle so far beyond the spinal canal that the intervertebral disc 
was punctured and the needle clogged with nuclear material exuding there- 
from. This obviously injures the structure of the disc. This fact is to 
be borne in mind in evaluating the case that is herewith reported. 

Keyes and Compere proved that: (1) if the cartilaginous plate of the 
intervertebral disc of the dog is injured by a scalpel or drill, the nucleai 
material prolapses into the spongiosa of the vertebral body, and a car- 
tilaginous nodule forms; and (2) if nuclear material is allowed to escape, 
the rest of the disc becomes thinned out and the edges of the adjacent 
vertebrae become sclerosed with subsequent marginal lipping. Tins wor 
gives support to the findings observed in this case, and those of Milwai 
and Grout. These authors reported five cases of back trouble starting 
from within a few moments to six months following spinal anaesthesia. 
Roentgenographic investigation revealed progressive arthritis localize m 
one intervertebral joint, loss of joint space, and new bone formation m ' 
ing up articular edges of the bodies of adjacent vertebrae. Pease in 
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presented three cases 
of intervertebral-disc 
injury following lum- 
bar puncture with con- 
vincing clinical, roent- 
genographic, and ex- 
perimental evidence to 
support the views that 
appear in his article. 

Geist, Calve and 
Galland, Sashin, and 
Beadle have enumer- 
ated a number of 
pathological conditions 
in which the interver- 
tebral nucleus pulpo- 
sus is either primarily 
or secondarily in- 
volved. Keyes and 
Compere in a compre- 
hensive paper have 
elected to classify the 
various lesions accord- 
ing to the primary lo- 
cation of the patho- 
logical process, but 
admit it is obvious 
that there must be 
some overlapping, in 
the following three 
groups: (1) pathologi- 
cal conditions of the 



Fig. 1 

Roentgenogram. Dr. Louis J. IColodner has demon- 
strated on a cadaver the ease with which a spinal-puncture 
needle may be inserted directly into the intervertebral disc. 


nucleus pulposus; (2) pathological conditions of the cartilage plates; (3) 
pathological conditions of the vertebral bodies. 

Although these three main groups are further subdivided into eleven 
sections, each briefly discussed, no mention is made of the injudicious use 
of the spinal puncture needle as a possible cause of acute trauma to the 
components of the intervertebral disc. Compere, however, in discussing 
Pease’s paper on this subject, admitted that such a situation is by no 
means inconceivable. 

The following case is presented in the belief that it is one in which the 
second and fourth lumbar intervertebral discs were traumatized during 
spinal puncture in a manner analogous to the experimental injuries de- 
scribed by Keyes and Compere. Similar resultant pathological changes in 
the vertebrae are revealed by comparative roentgenograms over a period 
of many months. 
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CASE HISTORY 


D. S., a fourteen-year-old white girl, has been known to the Sinai Hospital Out- 
Patient Department since October 4, 1932, when, at the age of seven, she was brought 
there for a complete examination. Her father had died at thirty-three of general par esis, 
and her mother and brother were being treated for general paresis and congenital syphilis, 
respectively. The past history indicated that when the girl was nine months of age, she 
had convulsive seizures which terminated in a right-sided hemiparesis. This gradually, 
though not completely, cleared during her early childhood. 

The patient received adequate antiluetie treatment while under observation. On 
June 20, 1936, a routine spinal puncture was performed without any difficulty. Her first 
admission to the hospital was on July 7, 1936. Between this date and August 16, 1936, 
she successfully and satisfactorily weathered ten paroxysms of induced tertian malarial 
fever. She was, thereafter, again followed in the dispensary. 

On September 4, 1937, three fruitless attempts at spinal puncture at several lumbar 
levels resulted in an immediate and continuing complaint of local pain which was severe 
enough for the next few weeks to make her spend most of her time in bed, except when she 
was transported to and from the clinic. On September 8, 1937, x-rays were taken and 
read as negative (Fig. 2). As home rest proved ineffective, she was admitted to the 
hospital on September 27, 1937. 

When first seen in the ward, the child was apparently in so much discomfort that a 
satisfactory examination could not be made. The lumbar spine was held in a position of 
marked hyperextension. The slightest passive movement of the head, neck, or lower 
extremities was sufficient to provoke additional spasm and pain. There were a number of 
pin-point puncture wounds in the skin of the lumbar region. 

The known history that a previous spinal tap had not been followed by such severe 
complaints naturally led to the suggestion that there was a direct causal relationship be- 
tween the dry taps and the immediate response in the lower back. Since it was noted 
within a few days that the temperature was elevated to 101.2 degrees, local infection of 
the epidural tissues was considered as a diagnostic possibility along with traumatic 
periostitis and intervertebral-disc pathology. 

Under rest on a Bradford frame and mild sedation the child became more tractable. 


A more complete physical examination revealed a right-sided ankle clonus and a sug- 
gestive positive Babinski response which were regarded by Dr. I. J. Spear as residual evi- 
dences of the old aforementioned cerebral affection at nine months of age. 

Within one week the local pain subsided and the extreme lumbar lordosis slowly 
receded, the spine assuming its natural contour. A convex frame was then employed, 
but in spite of this form of support and enforced recumbency, on October 13, 1937, about 
five weeks after the puncture, prominence of several lumbar spinous processes was note . 
Gradually there developed a general posterior bowing of the lumbar spine with a notice- 
able kyphos at the level of the second and fourth lumbar vertebrae. On Octobei — > 
1937, an uneventful spinal puncture was made. The total proteins were within norma 
limits, the Wassermann reaction was still positive, and the colloidal gold test shove 
activity in the paretic zone. No trouble, such as had followed the tap of September , 
1937, was encountered. On November 1, 1937, a plaster jacket was applied with t e 
lumbar spine in extension. This was later replaced by a spinal corset which was worn o* 
more than a year. When this was finally removed, no local symptoms were noted. 10 
back moved freely but the knuckles at the second and fourth lumbar spinous piocesses 
were still present with no appreciable increase in size. . 

A series of roentgenograms taken at varying intervals from September 8, 19 > ° 
days after the onset of difficulties, to April 27, 1939, a period of nineteen and one a 
months, demonstrated the changes that took place in the intervertebral discs and t le a 
joining structures. ■ 

The first set on September 8, 1937 (Fig. 2), as mentioned, were negative for any b 
nificant changes. Those on October 5, 1937 (Fig. 3), one month after the punc i > 
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showed a suspicious narrowing and roughening of the joint space between the third and 
fourth lumbar vertebrae with a relative widening of the spaces between the second and 
third, and fourth and fifth lumbar vertebrae. On May 26, 1938, eight and one-half 
months after the onset, the first demonstrable defects were noted in the adjacent margins 
of the bodies of the first and second, and third and fourth lumbar vertebrae. These 
defects, easily visible in all subsequent x-rays until the last, taken on April 27, 1939 
(Fig. 4), have remained unchanged in shape, structure, and location, and stereoscopi- 
cally represent small, irregularly circular, punched-out areas surrounded by a zone of 
sclerotic bone. 


It is felt that the defects shown in the roentgenograms of this case are 
so-called “Schmorl bodies”. Similar areas, when subjected to patho- 
logical section, have proved to be a cartilaginous ingrowth from the disc 
structure to the substance of the vertebral body. These areas were 
described by Schmorl in 1937 when he reported that 37 per cent, of 7,000 
spines which he routinely sectioned showed prolapses of disc material 
into the spongiosa of the adjacent vertebral bodies. 

Pease in his paper referred to the anatomy of the intervertebral unit 
as consisting of (a) superior and inferior cartilaginous plates, (b) the 
annulus fibrosus, and (c) nucleus pulposus. The annulus fibrosus is 
thicker anteriorly than posteriorly. This difference, together with the 
close union with the anterior longitudinal ligament, makes the disc much 
stronger and more powerful in front. The nucleus pulposus is a translu- 
cent, semigelatinous fluid under considerable pressure, through which are 
interspersed fine fibrous strands. This fluid occupies considerably more 
volume in the young, and gradually becomes more firm and solid with 
advancing age. On flexion (the position assumed during spinal tapping 
of the spine) the pressure within the disc increases as the anterior portions 
of the bodies come in closer approximation, causing a slight bulge of the 
disc and its nuclear material posteriorly. A needle puncturing the nu- 
clear portion of this disc permits the material to escape. Pease has clearly 
demonstrated this on cadavera, and shown by roentgenograms, taken be- 
fore and after deliberate introduction of a needle into the disc, a definite 


narrowing of the disc and intervertebral space, -with a compensatory 
widening of the neighboring spaces. When this nuclear material is ex- 
truded through a crack, or other defect in the cartilage plate, into the 
spongiosa of the vertebral body, an invasive reaction is set up in the bone. 
The semifluid material is transformed into a cartilaginous nodule (Schmorl 
body), and the bone about it becomes sclerosed, forming a secondary line 
of defense to wall off the foreign material. Until sufficient time has 
elapsed following the prolapse of the nuclear material of the disc for the 
reaction in the bone to take place, roentgenographic diagnosis usually can- 
not be made. When the nuclear material is allowed to escape, but does 
not percolate into the adjoining vertebral body, the rest of the disc be 
comes thinned out and the margins of the adjacent vertebrae become 


sclerosed with subsequent marginal lipping. 

It is believed that in this particular instance the plates demonstra e 
(1) narrowing of the joint space (Fig. 3), (2) compensatory widening o t m 
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adjoining spaces (Fig. 3). and (3) Schmorl bodies (Fig. 4). Late sclerosis 
and marginal lipping of the vertebral bodies have as yet not developed. 

SUMMARY 

Herewith is presented the case - of a syphilitic girl, aged fourteen, 
whose spine was first punctured on June 20, 1936, without any untoward 
effects. On September 4, 1937, she was subjected to several unsuccessful 
spinal taps. These were followed by immediate clinical manifestations of 
some local disturbance at the site of these taps. Lumbar hyperextension 
and severe pain were replaced within five weeks by lumbar flexion and 
prominence of the spinous processes of the second and fourth lumbar verte- 
brae. Roentgenograms on September 8, 1937, were read as negative for 
bone pathology, but, as time went on, subsequent plates from October 
1937, until the final date of observation in April 1939, gave evidence of 
narrowing of the affected joint spaces, compensatory widening of the 
adjacent joint spaces, and the development of the characteristic inter- 
articular, intra-osseous Schmorl’s nodules which are generally regarded as 
pathognomonic of intervertebral-disc disturbance. The entire succession 
of events in this case is so direct and clear that it is difficult to escape the 
conclusion that the described end results followed the misadventurous 
spinal puncture. 
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A Case Report 

BY MARION HOOD, PH.D., CHICAGO, ILLINOIS, 
Associate in the Department of Medicine 

CLAUDE N. LAMBERT, M.D., CHICAGO, ILLINOIS, 
Associate in the Department of Orthopaedics 

AND HENRY BASCOM THOMAS, M.D., CHICAGO, ILLINOIS, 
Professor of Orthopaedic Surgery 

From the University of Illinois, College of Medicine 


Hydatid cysts have been described by medical writers since the 
earliest times. The character of the growth was determined in 1782 by 
Goeze 6 who noted the similarity between the microscopic projections 
from the inner surface of the cyst and the heads or scolices of the adult 
tapeworms of the Taenia group. He established the fact that the growth 
was the larval form of a cestode which he named Taenia granulosa. 

The adult is a tapeworm 3 to 6 millimeters long which inhabits the 
small intestines of several animals, most frequently of the dog. Viable 
eggs, passed in the feces, are easily transferred to other animals. Almost 
any mammal can be infected by the ingestion of the ova. The eggs 
hatch in the duodenum or jejunum of this intermediate host. The 
larvae migrate through the intestinal wall, enter the venules, and are 
carried along by the blood. Many of these larvae become caught in the 
capillary filters where they develop into hydatid cysts (Fig. 1). 

Experimental investigation by Dew 2 has shown that there is an im- 
mediate cellular response to the presence of the larva. During the two 
weeks following infection the parasite becomes encysted in a cavity usu- 
ally filled with a clear fluid. Three zones can be distinguished in. the 
wall : on the inner surface the parasite is surrounded by endothelial cells 
with an occasional giant cell and eosinophils arranged somewhat radially, 
around this is found a concentric layer of fibroblasts and leukocytic cells, 
and peripherally there is a zone of degenerated cells of the host tissue 
which grades into the normal substance. As growth continues the pies 
sure causes the outer layers to become laminated. From the inner wa , 
the portion infective for the definitive host, brood capsules arise which m 


turn produce the scolices. . , 

In the case of hydatid cyst of the bone, the parasite has only a pai tia 
envelope. With the growth of the larva, pressure on and occlusion o 
the small arteries finally bring about necrosis. This leads to the biea 'ing 
down of the bone, and the formation of caseous debris. As this continues^ 
local weakening of the bone occurs, and often results in spontaneous 
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Life History of Echinococcus granulosus 

(diagrammatic) 



Diagiammatic repiesentation of life history of Echinococcus granulosus. 
Eggs pioduced by the adult worm aie passed in the feces of the definitive host. 
These enter the intermediate host in contaminated food or water. The eggs 
hatch and the laivae pass to various paits of the body where they develop into 
hydatid cysts which vary in size from a few millimeteis to 15 centimeters or 
more in diameter. (Adapted fiom drawings by Pi of. E. C. Faust in Human 
Helminthology, Philadelphia, Lea & Febiger, 1929 ) 

fracture. A complete discussion of the manner in which the hydatid 
cysts affect the bone can be found in the work of P. Larghero-Ibarz 9 and 
Oscar Ivanissevich 7 . According to Dew 4 , 76.6 per cent of human echino- 
coccus infections are found in the liver, the first filter encountered. The 
larvae may pass this barrier and be stopped by the lungs, but, carried 
beyond this filter, they may enter any organ or tissue of the body. The 
bones are invaded in .9 per cent of the cases. 

Something over 480 cases of echinococcus disease have been reported 
from the United States, nineteen of which were infected in this country. 
Magath 10 suggested that the others were brought in as “unseen baggage” 
by immigrants from countries where the disease was endemic. Of all 
the cases reported, five were echinococcus infection of the bone: Woods 14 ; 
Walker and Cummins 13 ; Stone 12 ; and Coley 1 (two cases). This is a 
report of an additional case. The birth place of the sailor described 
by Woods 14 was not mentioned. All the other patients, including 
the one under discussion, were born in countries where the disease is 
prevalent. 
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Fig. 2 

Roentgenogram taken on admission to the Dispensary, January 21, 1937. 


CASE HISTORY 

A Polish houseivife, fifty-five years of age, was transferred from the Surgery Depart- 
ment to the Orthopaedic Dispensary on January 21, 1937. Her chief complaint on 
entrance was pain in the left hip. The history elicited the fact that in September, 1936, 
she had fallen on a waxed Boor and injured her left hip. A roentgenographic examina- 
tion made at this time was reported negative. After six weeks in bed she was able to 
walk, but was limited in her activity by severe pain in the region of the ilium. 

On December 31, 1936, she again fell, this time injuring the same region to such 
an extent that she was compelled to remain in bed, until January 21, 1937, when she 
came to the Dispensary. The Dispensary physician, finding pain on motion in all direc- 
tions of the hip joint, made a tentative diagnosis of arthritis. 

Roentgenographic Findings: Figure 2 was taken at the time of admission to the 
Dispensary. The x-ray made of the pelvis in the anteroposterior direction showed ir- 
regular decalcification involving most of the left ilium. It extended upward from the 
acetabulum to the crest, limited medially by a narrow zone of normal bone with an 
irregular line of demarcation. Several linear radiolucent areas extended through it 
which suggested pathological fractures. Coarse trabeculation in the region of the 
anterosuperior spine suggested giant-cell tumor as the primary lesion, but sarcoma, 
metastatic malignancy, and myeloma deserved consideration in differential diagnosis. 
(Practically the same possibilities are suggested by Faust 5 in his discussion of tic 
diagnosis of hydatids of the bone.) The patient was admitted to the hospital primarily 
for biopsy. 

Operative Findings: An exploratory operation of the left ilium was performed on 
February 4, 1937. A Smith-Peterson incision was made. After the skin had ecn 
reflected, a bulging mass appeared in the subcutaneous fat tissue. As this was cu , 3 
appreciable amount of yellow, frothy material gushed out which looked like vaseline a 
had been mixed with air. When the opening was enlarged, a cystic cavity about "° 
inches in diameter was disclosed which extended through both tables of the i mm 
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Mine of tins yellow matenal was found in this pocket. Aftei a laige-sued piece of bone 
had been lemoved, the cavity was seen to extend downwaul and anteiioily into the loof 
of the acetabulum and the pubic lamus. The matenal taken from this legion was veiy 
diffeicnt m chaiacter. Ileic weie found many small gray-white, definitely cncum- 
scnbed, cystic masses langing fiom 5 to 1 5 centimeters in diameter. These small 
bodies weie stuck togethei with a mucilaginous substance As far as was possible all 
these cysts weie lemoved (Fig 3), but undoubtedly some were left in recessed pockets 
The fiuctuie seen in the loentgenogiam made the whole ciest of the ilium fieely 
movable. It was not consideied advisable to dissect moie of this matenal oi sacnfice 
moie of the ilium until a positive diagnosis was made The wound w r as closed in layeis, 
and a diy diessing applied Because of the weakness of the acetabular loof, the leg w-as 
placed in tiaction and kept so foi foui weeks. 

Subsequent Care 4 The wound healed by pnmaiy union Some pain peisisted on 
motion of the lnp joint and on w eight-beai mg, so the patient was cautioned not to walk 
without the aid of crutches. The patient has letuined to the Dispensaiy about every 
two months for obseivation Roentgenograms have been taken at vanous times, 
the latest (Fig 4) on Apnl 14, 1939. 

She was last seen in the Dispensaiy on October 11, 1939, at which time she was 
walking without clutches, but showed a lathei maiked limp. The pain in her hip was 
not seveie though annoying when she lemained standing foi any length of time 

Laboratory Findings 4 Gioss examination of the matenal lemoved warranted a 
tentative diagnosis of hydatid cyst. Foi confiimation, the fluid fiom some of the cysts 



Fio. 3 

Hydatid cysts lemoved during opeiation on Februaiy 4, 1937. 


w'as examined foi scolices oi hooklets None were found. (Dew 2 stated that most 
hydatid cysts of the bone aie unproductive of scolices until they reach a cavity large 
enough foi the accumulation of considerable fluid ) 

Histological sections of several c\st walls were made These showed an inner 
suiface of epithelium with ceitain aieas sunounded by fibious tissue, some of which 
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showed concentric ring formation. This con- 
stitutes the poorly formed, outer, laminated 
layer, characteristic of osseous hydatid cysts. 

A complement-fixation test gave a reac- 
tion of two plus. (Kellaway and Fairley 8 
reported that 50 to GO per cent, of hydatid 
cyst cases give a positive complement-fixation 
reaction before the first operation. A reac- 
tion of either one plus or two plus is specific 
and diagnostic. If the reaction is still posi- 
tive nine months after operation, secondary 
cysts are undoubtedly developing.) 

A Casoni test or skin-sensitivity reaction 
was also carried out. This was clone more for 
general interest than for need of further con- 
firmation of the diagnosis. Sheep-hydatid 
fluid was obtained from the United States 
Meat Inspection Department. This was fil- 
tered, and .2 cubic centimeters injected intra- 
cutaneously. An oedematous area about the 
point of injection reached its maximum of 7 
centimeters at the end of two hours. This 
was surrounded by a 4-centimeter area of 
erythema. Controls made with both saline 
and normal sheep scrum were essentially 
negative. (According to Kellaway and Fair- 
ley 8 75 per cent, of patients with hydatids 
give a positive skin reaction preoperatively. 
This reaction persists for years.) 

DISCUSSION 

The development of all hydatid cysts is a slow process. When such 
growth takes place in bony tissue, its progress is so retarded by the 
obdurate structure that years are required before it manifests itself. 
Dew 3 stated that in the majority of cases, infestation occurs in childhood. 
Frequently, as in this case, injury precipitates the immediate symptoms. 
Faust 5 suggested that external trauma may provide a weakened site for 
the parasite to grow or accelerate a latent infection. 

This patient kept a goat and a dog although she did not have the 
latter at the time of her illness. The extent of the growth would indicate, 
however, that she had acquired the disease as a child in Poland rathei 
than from recent contacts with these animals. 

Certain cases of human echinococcus disease are known to have been 
acquired in the United States. Although dog infestation is high m 
areas where it is endemic, Riley 11 stated that only once, in 1892, has a 
dog in the United States been proved infected. However, domestic 
animals in certain regions have been shown to have up to 20 per cent, 
larval infections. Riley 11 found hydatid cysts in the lungs of six out ° 
thirteen mature male moose in Minnesota. When these cysts were e 
to dogs, large numbers of adult tapeworms developed. Two out of t nee 
wolves examined from the same region harbored the adult form of echmo 
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Roentgenogram taken two years 
after operation, April 14, 1939. 
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coccus. Apparently the danger is from wild life which accidently spreads 
the infection to domestic animals. Wild berries contaminated by in- 
fected fecal material may be another means of transmitting the disease. 

Although hydatid disease of the bone occurs but rarely in the United 
States its possibility should be considered when pathological conditions 
of the bone are encountered. 
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SLIPPING OF THE UPPER FEMORAL EPIPHYSIS * 

BY MAX S. RABINOWITZ, M.D., BROOKLYN, NEW YORK 

It is not the purpose of this paper to cover the entire subject of the 
treatment of slipping of the upper femoral epiphysis, or, for that matter, 
to quote from the rather extensive literature now available; but through 
the presentation of a small group of cases, to call attention to some points 
in the pathology and progress of the condition, and to sound again a note 
of conservatism in the treatment of the early cases. The divergence of 
opinion in regard to the treatment would in itself seem to indicate that a 
satisfactory method, universally applicable, had not yet been found. 
Wilson 8 , in an excellent article, calls attention to a number of methods of 
treating the very early cases, with minimal slipping, which, if the slipping 
were arrested, would give very satisfactory results. He cites valid objec- 
tions to each of these methods. The use of the Smith-Petersen nail, 
suggested by him, is open to the criticism that, simple as the procedure is, 
it involves two open operations, as well as foreign-body fixation. It 
would seem that, if equally good functional and clinical results could be 
obtained by a less hazardous method involving only a good plaster tech- 
nique, such a method would be generally more acceptable. 

This series includes only early cases. There are eight cases, taken 
from the Services of Dr. Rushmore at the Long Island College Hospital, 
Dr. Kleinberg at the Israel Zion Hospital, and from the author’s private 
practice. Of the eight cases, six were in the so-called preslipping stage 
and two had acute injuries with complete disruption of the epiphysis 
during the course of a gradual slipping. 

Of the entire group, six were males, and two females. All but one 
exhibited a tendency to excessive weight, and the male cases seemed to 
fall into the endocrine dysplasia group with retarded gonadal develop- 
ment. All were treated by manipulation under anaesthesia followed by 
a plaster spica, applied according to the technique described by Klein- 
berg 5 , and employed as an ambulatory device. Ambulation was possible 
to an excellent degree in every case. 

In the first six cases with minimal changes in the relationship of the 
head and neck, the histories were quite uniform. Symptoms were present 
for three to eight weeks, and consisted of a limp and slight to severe pain, 
ordinarily relieved by rest. The pain usually radiated down the ting i 
to the knee, though in some instances, the knee alone was complained 
In one case, strangely enough, pain was worse after resting and relieve 
by activity. Physical examination of the hip was characterized by limi- 
tation of abduction, internal rotation, and flexion. X-rays showed a oss 
of the overhanging superior lip of the epiphyseal cap, and a broadene , 
irregular epiphyseal line (Figs. 1-A and 2-A). 

* Read before the Orthopaedic Section of the New York Academy of Medicine, 
March 17, 1939. 

992 


THE JOURNAL OF BONE AND 


JOINT SURGED 



SLIPPING OF THE UPPER FEMORAL EPIPHYSIS 


993 


These cases were treated by manipulation under anaesthesia. The 
hip was manipulated into forced flexion, and then brought into a position 
of extension, with marked abduction and internal rotation. In this 
position, a spiea was applied. The patients remained in the hospital 
only long enough to be x-rayed, and taught to stand, usually two or three 
days, and never more than a week. Weight-bearing with crutches was 
then not only permitted, but encouraged. The extent and effectiveness 
of the weight-bearing was manifested in the softening of the sole of the 
spica. Following removal of the spica at the end of about twelve weeks, 
crutches were used for five or six weeks until the patient’s confidence re- 
turned. Rarely was any passive physical therapy employed. The 




Fig. 1-A : Case 2, aged twelve and a half 
years. Roentgenogram prior to treat- 
ment shows early slipping with marked 
broadening and irregularity of the epi- 
physeal plate. 

Fig. 1-B: Indicates degree of slipping. 



Roentgenogram following removal 
of spica at three months shows epi- 
physeal plate narrowed and regular. 



Fig. 1-D 


Roentgenogram three years later 
shows epiphysis fused in excellent posi- 
tion. (Epiphysis on opposite side i- 
still open.) 
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Fig. 2-A: Case 3, aged fourteen and a 
half yeais. Roentgenogram prior to 
tieatment shows eaily slipping with 
bioademng and irregulanty of epiphyseal 
plate. 

Fig. 2-B: Indicates degree of slipping. 


Fig. 2-A 



Fig. 2-C Fig. 2-D 

Roentgenogiams two yeais later show epiphysis fused in excellent position. 

(Opposite epiphysis is open.) 

Fig. 2-C: Anteiopostenoi view. Fig. 2-D: Lateral view. 

functional and clinical results were excellent, and the roentgenogiaphic 
studies after an average period of more than two yeais showed the capital 
epiphyses fused in very satisfactory position (Figs. 1-D, 2-C, 2-D, 3-C, and 
3-D) . It is not claimed that manipulation in this group affects the rela- 
tionship of the head and neck, but rather that under anaesthesia, muscle 
spasm subsides, and a more satisfactory position of the extremity for 
weight-bearing is retained until fusion of the epiphysis occurs. 

Two patients gave a history of early slipping to which apparently htt e 
if any attention was paid. There then intervened a sudden trauma resu t 
ing in acute slipping of the epiphysis with marked displacement (Fig- 3- )• 
It would seem that nature has here graciously, though somewhat perverse y 
from the patient’s point of view, done what we would have liked to do, u 
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have been unable to do effectively. The head and neck have been sepa- 
rated completely, and an opportunity is afforded to restore the relationship 
very accurately. Judging by the results of epiphyseal fractures in general, 
early and complete fusion can be anticipated in these cases as a result of 
the additional traumatization. There is one catch, however, — the reduc- 
tion must be effected within a few days after the acute slip, or manipula- 
tion will be futile. Deformity and open operation are the penalty for the 
delay. In these cases the dislocation was satisfactorily reduced early 
by manipulation, and fixed by the method described. The functional 
end results were excellent, and roentgenograms revealed the epiphysis 
fused in satisfactory position (Figs. 3-C and 3-D). 



Fic. 3-A 



Fig. 3-B 


Fig. 3-A: Case 7, aged twelve years, 
had gradual slipping with history of 
severe intervening trauma. Roentgen- 
ogram following acute injury shows 
complete disruption of head and neck. 

Fig. 3-B: Shows degree of slipping. 



Fig. 3-C Fig. 3-D 

Roentgenograms one and a half years after reduction show fused epiphysis in 
excellent position. (Opposite epiphysis is open.) 

Fig. 3-C: Anterior view. Fig. 3-D: Lateral view. 
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TABLE I 

Resume of Eight Cases of Slipping Femoral Epiphysis 



Sex 

Age 

Body 

Type 

Side 

Onset 

Duration 

of 

Symptoms 

Symptoms 

Physical Findings 

Case 1 

M 

14 

Frohlich 

L 

Spontaneous 

3 weeks 

Limp on the af- 
fected side. 
Slight to mod- 
erate pain in 
hip, occasion- 
ally referred to 
thigh and knee. 

Limitation of ab- 
duction, internal 
rotation, and flex- 
ion, slight to mod- 
erate in degree. 

Case 2 

M ! 

12J4 

Frohlich 

L 

2 weeks 

Case 3 

M 

14 M 

Frohlich 

R 


5 weeks 

1 

Case 4 

F 

11 

obese 

R 


4 weeks 


1 

Case 5 

M 

111 o 

Frohlich 

R 


4 weeks 



Case 6 

M 

14 

obese 

L 


6 weeks 



Case 7* 

M 

12 

obese 

L 

Fall on hip 
following 
previous 
history of 
pain and 
limp. 

S weeks 
before 
fall 

Marked pain in 
hip with com- 
plete disability 
following the 
acute injury. 

Like fracture. _ Hip 
maintained m ex- 
ternal rotation. 
Marked local ten- 
derness, and great 

pain on motion. 

Case 8* 

F 

14 

normal 

R 

5 months 
before 
fall 


* Cases with severe intercurrent trauma. 


COMMENT 

It is the author’s feeling that early weight-bearing in a group of pa- 
tients already handicapped by obesity is a desirable consideration. Be- 
sides, the effect on the epiphysis seems to encourage early fusion in a 
manner less direct, to be sure, than that advised by Jahss 4 , Bozsan , 
Telson, Mayer 6 , Ferguson and Howorth 2 , and Wilson s , but in in L 
experience, none the less effective. All of these cases showed roent- 
genographic evidence of epiphyseal fusion within the period of treatment. 
In none of the cases did slipping increase during the course of the patient s 
activity in the spica, and it is the author’s opinion that it will not occui 1 
marked internal rotation and abduction are maintained. Another con 
sideration, perhaps less significant but still worthy of thought, is the s.c 

THE JOURNAL OF BONE AND JOINT SURGER 



SLIPPING OF THE UPPER FEMORAL EPIPHYSIS 


997 


TABLE I ( Continued ) 

Resume of Eight Cases of Slipping Femoral Epiphysis 


Roentgenographie 

Findings 

Treatment 

Duration 

of 

Treatment 

Follow- 

Up 

Period 

(Years) 

End Result 

Final 

Roentgeno- 

grams 

Rating 

Signs of early 
slipping: broad- 
ening of epi- 
physeal line, 
and loss of 
overhanging 
superior lip of 
the epiphyseal 
cap (Figs. 1-A, 
2-A). 

Manipulation 
under anaes- 
thesia into ab- 
duction, inter- 
nal rotation, 
and slight flex- 
ion; applica- 
tion of a walk- 
ing spica, and 
weight-bear- 
ing in 1 to 2 
days. 

Walking 
spica for 

S to 12 
weeks, 
followed 
by the 
use of 
crutches 
for a va- 
riab le 
period. 

4 Vn 

No symptoms. Ex- 
amination nega- 
tive except for 
slight restriction 
of flexion. 

No case 
showed 
progress 
of deform- 
ity. The 
capital 
epiphysis 
was com- 
p 1 e t e 1 y 
fused in 
all but 
one case. 
The capi- 
tal epiph- 
ysis of 
the oppo- 
site hip 
was fused 
in none. 

Excellent 

3 

No symptoms. Ex- 
amination nega- 
tive (Fig. 1-D). 

Excellent 

2 

No symptoms. Ex- 
amination nega- 
tive (Figs. 2-C 
and 2-D). 

Excellent 

1 'A 

Slight discomfort on 
fatigue. Slight 
limitation of ab- 
duction. 

Good plus 

H 

No symptoms. Ex- 
amination nega- 
tive. 

Excellent 

% 

No symptoms. Ex- 
amination nega- 
tive except for 
slight limp. 

Excellent 

Complete epi- 
physeal slip, 
resulting from 
acute dissolu- 
tion at the epi- 
physeal site 
(Fig. 3- A). 

Reduction by 
Leadbetter 
manoeuver ; 
application of 
walking spica 
cast; and 
weight-bear- 
ing in 1 to 2 
days. 

Spica for 
12 weeks. 
Crutches. 


No symptoms. Ex- 
amination nega- 
tive (Figs. 3-C 
and 3-D). 

Excellent 

Spica for 
16 weeks. 
Crutches. 

IK 

No symptoms. Ex- 
amination nega- 
tive. 

Excellent 


that confinement and inactivity are particularly resented by ado- 
lescents. The security of the plaster gave this group a wide latitude in 
their activity, and their agility in the spica was in some cases little short 
of amazing. They remained cheerful and happy throughout the course 
of the treatment, and were, as a result, a much lighter burden on their 
parents. From the point of view of economy, the shorter period of hos- 
pitalization and the small amount of after-care also recommend this 
treatment. 


SUMMARY AND CONCLUSIONS 

We have presented a group of consecutive unselected cases, 
presenting the characteristics of slipping of the upper femoral epiphysis, 
in various stages, and in different types of individuals. It is evident that 
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in early cases the treatment described effects early fusion of the epiphysis 
with excellent preservation of function. Cases of gradual slipping in 
Avhich an acute injury supervenes give especially satisfactory results if 
promptly treated. Unless special indications arise, conservative treat- 
ment by manipulation into forced abduction and internal rotation, fol- 
lowed by the use of an ambulatory spica, is a satisfactory method of 
treatment, and should not be entirely discarded for more radical methods. 
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INTRUSION OF THE SMITH-PETERSEN NAIL INTO THE 

ACETABULUM 

BY H. W. HARRIS, M.D., ANN ARBOR, MICHIGAN 
From the Department of Surgery, University of Michigan, Ann Arbor 


The possibility of intrusion of the Smith-Petersen nail into the ace- 
tabulum was first called to the author’s attention by Dr. W. W. Plummer 
of Buffalo, New York, over a year ago. At that time he recounted his ex- 
perience with a case, and discussed its probable mechanism. Since then 
the author has had a similar experience and this, together with the case 
which Dr. Plummer has kindly given us for publication, forms the basis of 
this report. 

Before the nail became established as the method of choice for the 
treatment of fresh fractures of the femoral neck, critics pointed out that 
it frequently became loose and tended to extrude. In answer to this 
Smith-Petersen brought out the fact that in cases of absorption of the femo- 
ral neck it is necessary for the nail to be extruded unless the fragments are 
to be separated. According to most authorities, in the healing of frac- 
tures there is usually absorption of the contiguous ends of the fragments. 
This may be minimal in amount and not of clinical importance. How- 
ever, careful comparison of roentgenograms in our fresh fractures of the 
femoral neck which have gone on to union, shows a measurable shorten- 
ing, by the time union has occurred, in over two-thirds of the cases. The 
average change in these cases with shortening is about three-eighths of an 
inch (.95 cm.) although shortening of as much as three-fourths of an inch 
(1.9 cm.) occurred in some. It is a well known fact that even complete 
absorption of the femoral neck may occur in cases of non-union. 

In these cases of absorption of the femoral neck, as well as in several 
other cases, the nail has usually been extruded. However, in the two 
cases being reported, the nail was so firmly fixed in the cortex of the 
femoral shaft that, as the neck shortened, the nail penetrated the acetab- 
ulum. In the first of these it is difficult to explain the reason for the fix- 
ation of the nail. In the second, fixation appears to be due to the over- 
growth of callus over the head of the nail. 

Case 1. C. M., spinster, aged seventy-four, fell over a curb on October 20, 1938, 
and injured her right hip. She was treated at home in traction for three weeks before 
roentgenograms were taken. These showed a fracture of the femoral neck, and she was 
referred to us slightly over one month after her fracture. 

The family history was not important, except that her father had died of paresis. 
She appeared a senile white woman. There was a loud systolic heart murmur with a 
collapsing pulse. The right lower extremity was in complete external rotation with an 
inch of shortening. Roentgenograms showed a transcervical fracture, somewhat oblique, 
with a protruding spicule of bone on the inferior margin of the proximal fragment. There 
was sclerosis about the margins of the fracture. An orthodiagram showed widening and 
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Fig. 2 

Case 1 . Roentgenograms show the joint just before the nail was removed. The 
nail had previously been extracted slightly from its original position. Note marked 
shortening of the femoral neck with the intrusion of the nail into the acetabulum. 

after this length of time, was firmly fixed in the cortex of the femoral shaft, and was re- 
moved only after a strong pull with the nail extractor. After the nail was removed the 
fragments did not lose position, motion was more free and only mildly painful. She was 
discharged not able to bear weight. She was last seen February 19, 1910. Roentgeno- 
grams showed non-union with a dead femoral head. She refused further surgery and was 
given a walking caliper. 

Case 2.* Mis. H. G., aged seventy, received an intracapsular fractuie of the neck of 
the left femur in December, 1937. Immediate reduction was carried out, and closed 
nailing with a three-flanged Smith-Peter sen nail was done. Roentgenograms taken after 
the nailing showed that satisfactory reduction and fixation had been obtained (Fig. 3). 

Her convalescence was uneventful, and, at the end of four months, she was allow ed 
up with crutches, but without weight-bearing on the affected extremity. A flat roent- 
genogram of the hip taken in April, 1938, showed the relationship of the fragments un- 
changed from the original x-rays. Another roentgenogram, taken July 18, 193S, still 
showed satisfactory position. However, on comparing this with the original x-rays 
taken at the time of nailing, there was evidence that the point of the nail was slightly 
closer to the capital cartilage than it was after the operation. At that time she had no 
discomfort in the hip, and the range of motion was satisfactory. She was permitted 
crutches, but not weight-bearing and was not very active. 

About the middle of August, 1938, she began to have pain in the hip on motion. 
At first she did not give great attention to the pain as she had had hypertrophic spon- 
dylitis with involvement of various other joints, and was accustomed to some discomfort. 
The pain became worse, and about four weeks after its onset she was seen again for ex- 
amination. At that time she showed definite evidence of intra-articular pathology. 
Motion of the hip was limited and painful. Roentgenograms made at that time showed 

* Dr. Plummer’s case. 
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definite protrusion of the nail through the head of the femur and into the acetabulum. 
The head of the femur was shown to be rotated posteriorly. There was an overgrowth 
of callus over the head of the nail (Fig. 4). 

In October, 193S, the nail was withdrawn. Following this there was some improve- 
ment so far as the hip pain was concerned, but she was unable to bear her weight upon 
the leg. It was believed that the fragments had again become displaced, and that the 
head was undergoing aseptic absorption. No roentgenograms could be obtained to verify 
this conclusion. She died suddenly of a cerebral hemorrhage in February, 1940. 

DISCUSSION 

These cases are presented because it is believed that they represent 
a complication in the use of the three-flanged nail worthy of the attention 
of the surgeon. Felsenreich has already published a very detailed de- 
scription of the histological pathology to be found in the hip joint follow- 
ing perforation of the femoral head by the nail. He has recognized short- 
ening of the femoral neck as a cause of perforation, and faulty nailing as 
another; and has pointed out that if the nail only perforates minutely 
there may be a localized arthritis of no general significance. However, 
if it perforates grossly, as in these two cases, he has shown that there is a 
mechanical scouring of the hip socket by the nail point, which destroys 
the cartilage, and gives risetoloose piecesof cartilage in the joint. Felsen- 
reich also stressed the fact that there may be solution of the nail by the 
synovial fluid, called a rust reaction, “ Rostgranulom,” which would cause 
chemical destruction of the joint cartilage. He found that this may ex- 
tend through the cartilage over the head of the femur, and include de- 
struction of the cortex of the head itself. He advised removal of the nail 
if healing had occurred or replacement by a shorter nail if it had not 
healed. 

CONCLUSIONS 

Two cases have been presented in which the nail was so firmly fixed 
in the cortex of the femoral shaft that, as the neck shortened, the nail 
penetrated the acetabulum. In the usual case, with similar femoral- 
neck shortening, the nail has been extruded. In the first of these two 
cases it is difficult to explain why the nail was so firmly fixed. In the 
second case fixation was probably due to an overgrowth of callus over 
the nail head. These two cases, and the observation that there is measur- 
able shortening of the femoral neck in a large number of patients, point 
to the danger of mechanical fixation of the nail head to the femoral shaft. 
Such fixation has been advocated by several surgeons using various meth- 
ods. Even when mechanical fixation has not been done, as in these two cases, 
the possibility of perforation of the femoral head should be considered 
whenever a previously satisfactory nailing becomes painful on motion. 
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THE TREATMENT OF THE CEREBRAL PALSIES * 

BY WINTHROP M. PHELPS, M.D., BALTIMORE, MARYLAND 
From the Children’s Rehabilitation Institute, Baltimore 


There is such diversity of approach to the subject of the cerebral 
palsies that it is necessary to limit the present discussion to those data 
that have a relationship to treatment. In the past, little or nothing was 
done for this group of conditions. Spastic paralysis has been mentioned 
in the literature for more than 100 years, but athetosis and the ataxias 
of childhood have been mentioned only relatively recently. In 1826 
Denis, Billard, and Cruveilhier suggested a causal relationship between 
intracranial hemorrhage at birth and spastic paralysis. Little presented 
his well-known monograph in 1862. He believed that 75 per cent, of all 
cases of spastic paralysis were due to cerebral hemorrhage at birth. 

In 1910, Beneke described a new method of autopsy which would 
demonstrate tears of the tentorium and, hence, basal damage to the brain. 
It was this, more than anything else, which developed interest in the types 
of cerebral palsy other than true spastic paralysis. The possibility that 
these other types could also be due to injury at birth brought about great 
criticism of obstetricians which reached its height about 1920. 

Since that time, the studies of etiology have shown that many factors, 
which are entirely beyond the control of the obstetricians, enter into birth 
injury, and that really poor obstetrics will account for only a very small 
number of the cases. However, cerebral palsy seems mainly a human 
condition, since its occurrence in any of the animals, even the anthro- 
poids, is exceedingly rare. For a discussion of the various etiological 
factors, reference is made to the papers of Heyman, Schreiber, Pusitz, 
Langenskiold, and others. 

With regard to the treatment of the cerebral palsies, there has been 
until very recently, little or nothing in the literature. Certain procedures, 
such as nerve anastomosis, were described by Spiller and Frazier as eai y 
as 1905, and again by Allison and Schwab in 1910. Forster describee 
posterior root resection in 1908, and Stoffel described neurectomy in 191 
The use of non-surgical, essentially physiotherapeutic, measures dates 
from the last decade of the nineteenth century, but no definite princip es 


have been laid down. . 

More recently special procedures such as Chandler’s operation on * e 
tibial tubercle, Durham’s operation for correction of internal rota. 
Brewster’s work with foot stabilization, Tubby’s transplantation 
pronator teres, the various operative procedures for shoulder and e 0 
conditions, and many others have been developed. The resu s 


* Read at the Annual Meeting of the American Academy of Orthopaedic Su g 
at Boston, Massachusetts, January 24, 1940. 
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TABLE I 


Mentvl Status or 301 Unselected Pytients with Cerebral Palsy 


Classification 

No 

Pei Cent. 

Supeiioi 

15 

5 0 ' 


High iiveuge 

29 

9 7 


Aveiage 

88 

29 2 

68 8 

Low aveiage 

35 

11 6 


Dull noi mal 

40 

13 3 


Bouleilme 

16 

5 3 


Feebleminded 

78 

25 9 


Total 

301 

100 0 



these operations have varied widely. None of them seems entirely satis- 
factory, and yet all of them have enough value to be letained in the surgi- 
cal armamentarium. 

In undertaking a thorough study of the problem, it seemed advisable 
to assemble all the data that could be obtained with legard to the condi- 
tion. Surveys in various parts of the country were begun three or four 
years ago, and as yet are far from complete. However, the number of 
cases surveyed is now large enough to show that the percentages obtained 
are not materially changing. 

A survey of children two to sixteen years of age in the state of Mary- 
land showed a yearly occurrence of seven cerebral palsy births per 100,000 
population. This figure checks almost exactly in both rural and urban 
areas. In other parts of the country which have been surveyed, this ratio 
is also fairly constant. It is inteiesting that in Maryland, with a com- 
paratively high Negro population, the percentage of cases found in the 
Negro race is much lower than in the white race. 


TABLE II 

Distribution in School of 199 Patients with Cerebral Palsy 


School Status 

No 

Per Cent 

2 giades advanced 

1 

0 5 ' 


it it 

4 

2 0 


At grade for age 

32 

16 1 

► 68 9 

1 giade letaided 

41 

20 6 


2 “ “ 

29 

14 6 


3 “ “ 

30 

15 1 


4 “ “ 

13 

6 5 

5 “ 

11 

5 5 

6 “ 

16 

8 0 

Special class 

22 

11 1 

Total 

199 

100 0 
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TABLE III 


Degree of Handicap of 271 Patients with Cerebral Palsy 


Degree of Handicap 

No. 

Per Cent. 

Mild 

75 

L ”} 720 

Moderate 

120 

Severe 

76 

28 0 

Total 

271 

100 0 


This figure then, in a city of 100,000 would represent seventy patients 
under ten years of age, or 140 under twenty years of age. It would be 
lowered by those dying during childhood, but increased by those over 
twenty-one, since most of these surveys did not include any cases over 
twenty-one. By means of this figure, the general assumption can be 
made that there must be in the United States at least 150,000 cases of 
cerebral palsy. 

A study was made in New Jersey to determine what percentage of 
cases had sufficiently high mental status to become worth-while members 
of society, if the physical difficulties could be alleviated. A chronological 
series was studied for mental status by Mclntire with the findings shown 
in Table I. It may be seen that those grouped in the first five classifica- 
tions constitute 68.8 per cent, of the total. 

These results were checked, where possible, with school records. It 
is interesting that of those checked, those who were not more than three 
grades retarded again constituted practically the same per cent., 68.9. 
These figures are entirely independent of the degree of handicap, but are 
for the same groups which were studied orthopaedically. 

The degree of handicap in 271 cases was judged arbitrarily and is 
shown in Table III. The clegiee of handicap is not an indication legaid- 
ing treatment. 

Table IV gives the extent of the handicap, or part of the body in- 
volved. 

The totals in the tables, which are based on the New Jersey survey, 


TABLE IV 


Extent of Handicap of 306 Patients with Cerebral Palsy 


Extent of Handicap 


Quadnplegia 

Triplegia 

Hemiplegia 

Paraplegia 

Monoplegia 


Total 


No. 


Per Cent. 


175 

23 

67 

36 

5 


306 


57 2 
7 5 
21 9 
11 8 
1 6 
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vary because all data were not obtained on each case. However, all 
eases are included in which the data were recorded. 

Bearing in mind that 68.8 per cent, of cases show good mental abil- 
ity, and that 72 per cent, are of mild or moderate degree of severity, it 
would seem that the problem of the cerebral palsies includes a large num- 
ber of patients who would justify the time and expense of treatment. It 
should be remembered, however, that severity of involvement is not al- 
ways a contra-indication to treatment. It may be highly desirable, for 
example, to rehabilitate the hands for self-care and ability to use a wheel 
chair in a quadriplegic whose legs are hopeless. 

There is no one class or economic status in which the condition is 
more prevalent than in any other, and the distribution is fairly even. 
Hence, the number of patients able to pay for their own treatment is in 
direct proportion to the economic status of the population at large. 

The condition differs particularly from poliomyelitis in that there 
are no epidemics, and no unforeseen developments. There is at present 
little hope of checking the condition, and the problem of care and treat- 
ment can, therefore, be prepared for in advance. 

Treatment depends first, upon a careful diagnosis of the particular 
kind of cerebral palsy. For several reasons, the cerebral palsies have been 
divided into three general types — spastic, athetoid, and ataxic. 

Spasticity is characterized by the stretch reflex. Hence, the way an 
attempt to move will be blocked is always predictable to the patient. 
Spasticity is a pyramidal-tract condition, often cortical, and, hence, the 
type in which true mental deficiency is most likely to occur. Spasticity 
is susceptible to muscle examination because of the fixed nature of the 
condition, and, therefore, susceptible to surgery. 

Athetosis is characterized by involuntary motion, so that interference 
with an attempt to move is never predictable to the patient. Athetosis is 
a basilar or non-pyramidal-tract condition, and the type in which true 
mental defect is not likely to occur. Athetosis is not well-suited to muscle 
examination, since the motions are total joint “attempts” and will persist 
with what muscles are left even if some are cut, neurectomized, or trans- 
planted. Consequently, athetosis is not improved by peripheral surgery 
(at least as we know it now), except for the correction of true contrac- 
tures. 

Spasticity resembles athetosis because the stretch reflex may start 
a whole train of involuntary motions, and because some of the reflexes 
may not appear to be hyperactive if the muscles being tested are not 
spastic muscles. 

Athetosis resembles spasticity because of the voluntary, often habit- 
ual, tension set up to stop the involuntary motion, and because some of the 
reflexes may appear to be hyperactive, due to the automatic reinforcement 
by involuntary motion elsewhere in the body, or by tension. 

Ataxia is a disturbance of balance and postural or directional sense, 
without interference with motion either by spasticity or involuntary mo- 
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TABLE V 

Distribution of Tipes of Paralysis in 350 Patients with Cerebral Palsy 

Type of Paralysis 


No. 

Per Cent. 

Spastic 


189 

54 0 

Athetoid 


143 

40 9 

Ataxic 


18 

5 1 

Total 


350 

100 0 


tion. It is, also, not susceptible to surgery, except for correction of true 
contractures. 

Table Y shows the distribution of these types of cases in a consecutive 
series in New Jersey. 

The author’s series of eighty-nine cases was observed for a period of 
two years at the Children’s Rehabilitation Institute, a boarding-hospital- 
school for cerebral palsy patients. They ranged in age from three to thirty- 
two years, though almost all were under twenty-one. The proportions of 
spastic, athetoid, and ataxic cases were similar to those in the surveys, but 
the average mental status was considerably higher because the Children’s 
Rehabilitation Institute does not accept definitely defective children. 

GENERAL PRINCIPLES OP TREATMENT 

Spasticity 

A complete muscle examination should be made in all cases. For 
this purpose the usual muscle-examination forms used in poliomyelitis are 
entirely satisfactory. However, the muscles should be graded essentially 
according to those which show spasticity; those which are normal; those 
which are weak (but otherwise normal) ; and finally those which the patient 
is unable to contract. Spastic muscles are tested by means of eliciting 
the stretch reflex. An attempt is made to move the joint rapidly in the 
opposite direction to that of the contraction of the muscle under observa- 
tion. As soon as the motion begins to take place, the stretching causes 
a contraction of the muscles, blocking free motion. Normal or wea 
muscles are tested in the usual way, but allowance must be made for. ie 
possible spasticity of their antagonists before making a final decision- 
Flaccid muscles are those which the patient is unable to move voluntan y 
even if their antagonists are normal. These can be made to contrac^ 
in some instances by means of resisted contractions in other parts o 
body. These confusion contractions are very useful in retraining cei e 1 a 
flaccid muscles. , 

No surgery should be performed on a spastic patient without a muse ^ 
examination, as the condition of the antagonists of the muscles un 
consideration is often the deciding factor in determining the pioce ure^ 

In conservative treatment, the flaccid muscles and weak nuI ^ e 
must be protected from the weakening effect of undue stretching, an ^ 
spastic muscles must be protected from the strengthening effec o 
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stretch reflex. With treatment by selective massage, and careful exer- 
cise with appropriate splinting and protection, a great change in muscle 
balance may be attained. The amount of surgery apparently necessary 
at first will be greatly diminished. 

Athetosis 

In this condition a muscle examination will demonstrate those 
muscles which move involuntarily and those which do not. This picture 
remains relatively fixed, but it is the motions carried out by the athetosis 
rather than the muscles which really give the fixed picture. Patients 
have been seen in which previously athetoid muscles have been thrown 
out of function, either by neurectomy, tenotomy, or even transplantation, 
and the direction of the athetoid motion remains unchanged as long as 
there is any muscle power left to move it in that direction. Thus, atheto- 
sis seems better conceived as an involuntary attempt to move a joint in 
a certain way, than as an involuntary stimulation of any individual muscle. 
Surgery of the muscles, nerves, or tendons, has, therefore, very little 
effect. Joint stabilizations are exceedingly difficult in athetosis because 
it is almost impossible to maintain enough fixation for good fusion. The 
discomfort of the patient following the operation is very great, and there 
is much difficulty with pressure sores. In general, surgery is unsuccess- 
ful. In severe cases Putnam’s procedure of lateral cord section is help- 
ful, but it serves more to quiet the athetosis than to increase function. 
The use of curare, as described by Burman, is still definitely experimen- 
tal, but its further development should be watched with interest. 

Relaxation, taught by a carefully graded system, beginning with 
the least athetoid parts of the body and, when learned, extended to the 
more athetoid extremities, is, over a long period of time, very effective. 
This, combined with motion from the relaxed position, is the most 
effective form of treatment, and eventually brings about very satisfac- 
tory results. 

Ataxia 

The treatment of this condition is simply that of training the volun- 
tary motor centers to take over the function of the damaged balance 
mechanism. It can be compared to the learning of any other skill, such 
as playing the piano. At first, all the attention must be fixed on the 
skill being learned, but later it can be carried out almost without 
thought. Thus, with sufficient practice, the skill of balance and direc- 
tional control can be learned in a similar manner, and eventually becomes 
habitual. 

Because of the fact that, in general, the various disturbances of the 
motor system constituting cerebral palsy start at birth, many essential 
fundamental motor patterns, such as reciprocation in the legs, and the 
reach and grasp in the arms, usually learned during early babyhood, are 
not automatically developed. Without these two, especially, neither 
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walking nor the proper use of the arms is possible. Besides this, many 
bad habits in use of the arms and legs are established, frequently very 
early. These become fixed, as does the assistance given the child by the 
family (their habits toward him), so that retraining is badly handicapped. 
The educational difficulties are also great, and frequently require special 
methods. 

The ideal method of training these patients is, therefore, in a school 
or institution especially set up to meet their needs both physically and 
educationally, until such time as the bad habits can be broken up, and 
rehabilitation carried out to the point where the children can be entered 
in a day school. 

There is great danger of old habits returning at home, because they 
are so closely bound up with the home environment. However, a period 
of institutional life long enough for the children to establish new habits 
of use of muscles and of care for themselves, associated with an intensive 
educational stimulus, is very effective in preparation for future placement 
in a day school. 

It seems essential, however, that, after discharge from the institu- 
tion, treatment be continued individually, at least three times a week, for 
a considerable length of time to insure fixation of progress. Treatment 
should be tapered off very gradually, over a period of years in most cases, 
as the skills which are taught take the place of the exercises. 

Home treatment in some instances is, nevertheless, very effective. 
While it is not possible to train a mother or nurse to treat all cases, it is 
entirely possible, in a week or so, to train most intelligent mothers or 
nurses to treat one individual child. After demonstrating the work 
thoroughly to the mother, and watching her carry it out under direction, 
a very carefully worked out schema, with detailed directions for that 
particular child, should be given to her. This home treatment cannot be 
generalized, but must be especially worked out for each individual child. 
The mother or nurse then carries out the procedures daily with return 
of the patient to the physician at frequent intervals. 

The obtainable results are in three fields, — use of the legs, use of the 
arms, and speech. The disorders of speech in cerebral palsy are an ex 
tensive source of investigation at present, but, in brief, they are exact y 
parallel with the difficulties in the arms and legs. They are spastic, 
athetoid, or ataxic, and the same principles of treatment apply- Sabs 
factory progress can be made only if the speech trainer thoroughly un er 
stands the type of underlying difficulty. In this field also habits of use 
are the greatest obstacles to overcome. . ^ 

Results in the legs are measurable in the perfection of gait, 
some instances it is possible to teach walking even as late as adolescence, 
if the right fundamentals are stressed. Two such cases were sixteen^ 
year-old athetoid girls who had never walked previously. Then i 
eulty was that they had not learned the underlying principle of re ^P r ^ 
cation. Another was a twelve-year-old ataxic. Others are taug 
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walk with heel placement instead of toe placement, and other improve- 
ments — such as speed of walking and better appearance of gait — can be 
made. 

In the use of the arms the results are harder to evaluate, but ability 
to dress and feed oneself is a good measure. 

In speech the results are slower, but a few can be taught to speak, and 
the defective speech in others can be cleared up. 

In the school proper, the teaching is aimed at bringing the children 
up to their grade level in all subjects, and this can be accomplished in the 
majority of cases with the use of special teaching methods. 

A careful study of each child should be made with regard to rehabili- 
tation for adult life. This is usually carried along two chief lines which 
point toward vocational and avoeational interests, and the physical 
and mental abilities are trained toward these ends. 

SUMMARY 

1. Cerebral palsy, representing about seven births per 100,000 popu- 
lation per year, presents a real problem with regard to the number of 
cases. 

2. Mental level is sufficiently high in about 70 per cent, of the 
total to make treatment worth while. 

3. The incidence of the condition, unlike epidemic poliomyelitis, is 
at present entirely predictable, and plans can be made in advance for treat- 
ment of a definite number of cases. 

4. The importance, with regard to treatment, of accurate diagnosis 
of spastic, athetoid, and ataxic palsy, must be emphasized, even though 
differential diagnosis is occasionally very difficult. 

5. The present use of surgery is essentially limited to the true 
spastic, except for contractures. 

6. The most effective method of treatment is the special school 
where physical reeducation and schooling can be carried out together. 

7. There must be close cooperation and mutual understanding of the 
problem among the educators, the doctors, and the family of the patient. 

8. Home retraining is, in some instances, very effective, and, in 
most cases, should at least be given a trial of several months before 
deciding on the special school. 

9. Satisfactory results, judged by the standards of other crippling 
conditions, are obtained when care and treatment are sufficiently intensive. 
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LEGG-PERTHES DISEASE OF THE HIP: ITS EARLY 
ROENTGENOGRAPHIC MANIFESTATIONS AND ITS 
CYCLICAL COURSE * 


BY A. BRUCE GILL, M.D., PHILADELPHIA, PENNSYLVANIA 

The name Legg-Perthes disease of the hip is employed for want of a 
better one. Legg-Waldenstrom-Calve-Perthes disease is too cumbersome 
a title. Coxa plana is incorrect because the head does not become 
flattened if, during the course of this disease, it is protected from weight- 
bearing and muscle spasm. There is no evidence in support of osteo- 
chondritis as the disease is not one of inflammation of bone and cartilage. 
The primary fault is not in the acetabulum; so this disease cannot be 
called pelvis plana. One must sharply differentiate the true Legg-Perthes 
disease from a somewhat similar condition which is often observed in the 
head of the femur in cases of congenital dislocation of the hip. 

ETIOLOGY 

The etiology of this disease has not been determined. The author 
has observed the onset of symptoms in children between the ages of three 
and eleven years. There is reason to believe that the hips have been 
normal before the onset of the disease because, at the very beginning of 
the changes that are visible in the roentgenogram, the affected hip is 
entirely similar to the opposite unaffected one in size, shape, and density, 
except for the evidence of local necrosis that will be mentioned later. 

Between 85 and 90 per cent, of the patients are boys. This is the 
reverse of the sex incidence in congenital dislocation of the hip. 

A history of definite injury immediately preceding the onset of 
symptoms has been obtained in a few cases. More frequently such his- 
tory is lacking. 

Some cases show definite evidence of endocrine imbalance. This is 
suggestive of an etiological factor, but it cannot be accepted as the sole 
or universal one unless it can be proved in all cases of Legg-Perthes disease. 

SYMPTOMS 

The first symptoms are pain, more commonly felt in the region of 
the knee than the hip, and a limp in the affected leg. These symptoms 
are not often continuous. They frequently disappear after rest in bed 
for a few days. On first examination there is always some limitation of 
normal motions of the hip, particularly that of rotation of the femur. 
This sign also disappears readily after rest. There may be slight wasting 
of the muscles of the thigh; and a slight firm thickening of the hip can 
almost always be felt by careful palpation. At the onset of symptoms the 

* Presented at the Annual Meeting of the American Orthopaedic Association, 
Kansas City, Missouri, on May 9, 1940. 
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disease may be in an early stage or it may be far advanced. The author 
has seen cases within three weeks of the appearance of the first pain or 
limp, and the roentgenograms have shown marked necrosis of the head and 
the neck of the femur. 

We have been able to study a number of cases, however, which 
presented the very early changes which are visible in this disease and, 
in several cases, even before the onset of symptoms. The striking and 
uniform feature is an early necrosis in the metaphysis of the neck of the 
femur. The areas of decalcification vary in number, size, shape, and 
location in the metaphysis. These irregular “holes” may first appear 
at the outer margin of the neck, or in the center, or, less commonly, at the 
inner margin. They may be small and irregularly rounded, or large and 
conical with the base of the cone upward against the epiphyseal plate. 
As time passes they multiply, enlarge, coalesce, and form a broad band 
across the entire metaphysis. Sometimes the band-like area of decalcifi- 
cation is seen in the first x-ray that is taken. It was discovered acci- 
dentally in the x-ray laboratory of the University of Pennsylvania that 
if the x-rays are slightly overexposed these areas of decalcification stand 
out more clearly. 


DEGENERATION 

The next feature found in our early cases is that concomitant or 
subsequent degenerative changes occur in the head of the femur, and that 
the first area of necrosis in the head directly overlies the first area of 
necrosis in the metaphysis. As the disease spreads in the metaphysis, 
it extends correspondingly in the head. It is difficult to escape the con- 
clusion that the degeneration of the head is the result of the necrosis in 
the neck. 

From these early beginnings the progress of the pathological process 
is well known: the appearance of irregular areas of decalcification in the 
head; the so-called fragmentation; isolated areas of increased density, 
which gradually become smaller until they may almost completely dis- 
appear; and the change in the size and shape of the head which becomes 
smaller and flatter until it may be barely visible. At times the head 
seems to have been almost entirely destroyed, as it appears only as a 
small, obscure body, not more than one-fourth inch in diameter, lymg 
above the center of the metaphysis. 

This phase of degeneration and disintegration extends through a 
period of about a year and a half. A study of more than twenty cases 
shows that there is some variation in the time consumed in this process. 
As mentioned above, the disease may be far advanced and of many 
months’ duration before the onset of symptoms, and, therefore, before t e 
first observations are made. In such cases it is difficult to compute t e 
time occupied in the first part of the phase even though in each case t e 
number of months that have been required to complete the degeneration 

have been determined. Furthermore, the lack of proper treatment, t 
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is, continuous and prolonged rest — during this phase prolongs the time. 
From the writer’s observation of the rate of degeneration in the cases 
followed continuously from the appearance of the early signs, it is possible 
to estimate approximately the duration of the disease in those cases which 
are first seen when the disease is well advanced. Combining all these 
factors it seems probable that the degenerative stage occupies, on the 
average, a period of about eighteen months; that it is prolonged beyond 
this period by lack of treatment; and shortened by adequate treatment 
that begins in the very early stage. Table I illustrates these 
statements. 


REGENERATION 

After the period of degeneration is completed that of regeneration 
begins. The turn in the cycle usually occurs abruptly. Our roentgeno- 
grams are taken at two -month intervals and the change from progressive 
destruction to a beginning reconstruction can be noted in two successive 
x-rays. 

The regeneration is usually apparent in the metaphysis before it 
shows in the head. The decalcified areas in the neck begin to disappear 
as new bone forms. Then recalcification appears in the head. The areas 
of fragmentation begin to fade out; there is less density in the islands; and 
new bone appears in the portions of the head that were invisible. The 
head develops toward the margins and increases in thickness. The por- 
tions of the head and neck that showed the earliest evidence of necrosis 
are the first to show evidence of recovery. The metaphysis is restored to 
a normal appearance a long time before the regeneration of the head is 
completed. 

The time required for complete regeneration is approximately be- 
tween two and three years. This phase of the cycle is probably also 
delayed by absence of proper treatment. W hen it is finished the head and 
neck are restored almost to normal size and shape, and the acetabulum is 
normal if treatment by non-weight-bearing has been carried out con- 
sistently from the beginning. If there has been inadequate or no treat- 
ment, the well-known deformities of the head, neck, and socket are 
observed. 

The fact that regeneration first appears in the metaphysis and is 
completed there first again points to the conclusion that the changes that 
occur in the head are dependent upon the primary changes in the meta- 
physis. If the necrotic neck is subjected to the crushing force of weight- 
bearing and of muscle spasm it becomes shortened and broadened. If it is 
protected from this force, it heals with but little or no deformity. 

The eventual size and shape of the head are governed by the same 
principle. When the head regenerates, if it is well shaped, it sits on 
top of a well-shaped metaphysis; if it is deformed it rests upon a corre- 
spondingly deformed metaphysis. It regenerates through the regener- 
ating epiphyseal plate and its underlying metaphysis. 
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We agree with Waldenstrom that the subluxation of the head and 
the accompanying thickening of the floor of the acetabulum are due to 
the flattening of the head when accompanied by weight-bearing and 
muscle pull. However, our cases show that if the softened head is protected 
from these forces it does not become flattened or subluxated, and the 
acetabulum does not become altered. We disagree with Waldenstrom in 
that we think the primary change is in the metaphysis and the epiphyseal 
plate, and not in the head. 

Our present conception of Legg-Perthes disease is that it is due to a 
primary aseptic necrosis in the metaphysis. The necrosis is due to an 
interference with or blocking of the blood supply. The cases which show 
a large conical area of destruction point to thrombosis of a large vessel, 
and infarction. The cause of the circulatory damage is as yet unknown. 
The degenerative changes that occur in the head are also of the nature of 
aseptic necrosis, and are due to cutting off the blood supply through the 
metaphysis and the epiphyseal plate. The deformities that arise are due 
to the mechanical forces of weight-bearing and muscle tension. The fact 
that the necrosis in the neck is frequently slowly spreading and progres- 
sive would point to some constitutional cause rather than to a single 
traumatism. 


DIAGNOSIS 

The diagnosis is easily made when the pathological process is fairly 
well advanced, but it is attended with some difficulty in the very early 
stage. The appearance of necrosis in the metaphysis is so constant that 
the author is unwilling to make an x-ray diagnosis of Legg-Perthes 
disease without its presence. Careful comparison with the other femur, 
the use of magnifying and reducing lenses, and a moderate overexposure 
of the film will aid in its detection. 

The author wishes to emphasize the value of careful palpation of the 
hips. If one sits on the side of the bed and places his fingers in the fossa 
behind the head and the neck and his thumb over the head in front, he thus 
grasps the hip between the thumb and the fingers. If he grasps the othei 
hip in a similar manner with his other hand, he is able to feel a very slight 
difference in the thickness of the two hips, and to appreciate the natuie of 
the thickening, whether it is soft or whether it is firm and resistant. A 
slight, but evident, firm thickening can almost always be felt in Legg- 
Perthes disease. Our records show that this diagnosis has often been 
made during the past ten years by palpation, and before x-ray examination 
has been made. 

There is also an early thickening of the hip in tuberculosis. Indee , 
the correct diagnosis can be made with the hands before it can be mac e 
by the x-ray appearance. But in tuberculosis the thickening is soft an 
more marked. This clearly distinguishes it from Legg-Perthes disease. 
Inasmuch as early x-ray diagnosis of these two conditions is frequen 
confused or undistinguished, the use of skillful palpation is of the greates 
value. 
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Case 1. B. G. (Figures 1-A through 1-1.) 



Fia. 1-A 


March 13, 1037. Very early necrosis of the inner and outer margins of the 
metaphysis. Very early decaleification of the outer margin of the head. Head is 
of normal size and shape ; and acetabulum is normal. 



Fig. 1-B 


May 5, 1937. Necrosis of the inner and outer margins of the metaphysis is more 
evident, and is beginning to appear also in the entire metaphysis. Decalcification 
of the inner and particularly of the outer portion of head is more evident. Head is 
becoming thinner. 



September 22, 1937. Marked increase in the necrosis of the outer third of the 
metaphysis and extending downward almost to the greater trochanter. A w ell-defined 
narrow band extends across the entire metaphysis. Decalcification of outer third 
of head is marked, of the inner third moderate. There is increased density of the 
central portion of head, which is thinner. 
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Case 1 ( Continued ) 



Fig. 1-D 


November 22, 1937. Necrosis of neck is not progressing. Destruction of the 
head is more marked, particularly in the outer third above the most marked area of 
necrosis in the metaphysis. Inner third of the head also shows advancing necrosis. 
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Routine tuberculin reactions have always been negative in Legg- 
Perthes disease, and the blood sedimentation rates have always been 
within normal limits. 

SLIPPING EPIPHYSIS, EPIPHYSIOLYSIS 

It is interesting to note that in this condition there is also an early, 
marked, bandlike necrosis of the metaphysis. It is often observed in boys 
who present a Frohlich’s syndrome, but it does not lead to the degenera- 
tive changes of the head that characterize Legg-Perthes disease, and heal- 
ing takes place in a much shorter time. We do not know why this should 
be so. It suggests that the pathological process in Legg-Perthes disease is 
more serious and profound. 

TREATMENT 

In our earlier experience with the treatment of this condition we fol- 
lowed Legg’s dictum that the disease ran a definite course which was not 
modified particularly by any form of treatment. But after Danforth’s 
paper in 1934, we began to follow his method of prolonged rest in bed. 
Whenever possible the child is put to bed with Buck’s extension on both 
legs, and is kept in bed until regeneration is well advanced. IV e then 
allow the child to go about with a walking brace with perineal crutch, high 
shoe on the well leg, and crutches. When we are able to carry out this 
method without interruption, the end results are practically perfect hips. 

We are still uncertain when we may safely allow weight-bearing, but 
believe that regeneration should be well advanced when it is permitted. 

Medical and dietary treatment with a full complement of vitamins 
should be carefully supervised. 

Drilling: It is impossible to determine the results of such treatment 
unless one knows fairly accurately the phase of the cycle when the drilling 
is done. If the operation is performed near the end of the period of de- 
generation it might falsely be credited with the improvement which would 
follow naturally as the cycle begins its normal upward swing. 

Endocrine Therapy: The same observations hold true for endociine 
therapy as for drilling. The point to be determined is whether these 
methods shorten the time of one or both phases of the cycle as determine 
by treatment by prolonged non-weight-bearing. We have reason to 
believe that the cycle is lengthened when weight-bearing is permitte • 

Shelf Operation: The author has used this method of operation w en 
the disease has been neglected and is far advanced, with subluxation anc 
deformity of the head and insufficiency of the socket. It has success u y 
added stability to the hip, and has apparently prevented increase m 
deformity of the head. 


CASE REPORTS 

Case 1 : B. G., male, aged five years, was presented for examination March 13,^ ^ 
The history included a fall in October, 1936 , in which patient struck left hip ®S al jn 
curb on the street. He was apparently well the following day, but deve ope a 
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Fig. 2-G 

December 13, 193S Regeneiation is piogiessing. 


Fig. 2-H 

Maich 23, 1939. Head is less mottled, more round, with the articular maigin 
smooth. 



t M\ 




Fig. 2-1 

August 10, 1939. Regeneiation is far advanced Upper end of the neck is but 
one-sixteenth of an inch v ider than the neck of the left femur. There is no shorten- 
ing. Head is one-sixteenth of an inch thinner than the left, well rounded, and 
protrudes slightly beyond the acetabulum. Regeneration is not \et completed 






Case 3. R. E. (Figures 3-A through 3-G.) 


Fig. 3~A 

December 1 5, 1936. Necrosis of the outer third of the metaphysis and the head 
is marked. Head is small, dense in center, and fragmented in the outer third. 


Fig. 3-B 

January 27, 1937. Necrosis of the inner third of the metaphysis is becoming 
more evident. 


Fig. 3-C 

June 7, 1937. Necrosis has extended entirely across the metaphysis. Entire 
head is fragmenting. 


Fig. 3-D 

September 3, 1937. Regeneration of the outer third of the metaphysis isi 
parent, but is not so marked in the inner third. Head is showing legen 
the outer third. 
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Fig. 3-E 


August 25, 1938. Metaphysis is healed. Healing of the head is well advanced. 
Theie is a hole in the outer third, and incomplete recalcification in the superior 
cential portion. 



Fig. 3-F 


July 29, 1939. Hole in the outer third of the head is filled; the superior cential 
part appears to he detached and displaced upward. 



Mai ch 2, 1940. Head is entirely healed except for supei lor central part, where 
the detached fragment seems to be united and not projecting upward. Head is 
round, not defoimed, and does not project beyond the acetabulum. Xeck is normal 
The distance from the base of the greater trochanter to the top of the head is but one- 
eighth inch less than in the opposite hip. 
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the left leg two weeks later. This was relieved by rest, but returned on activity. He 
had pain in the left knee which became worse. The course of the disease is demon- 
strated in Figures 1-A to 1-1. 


The first x-ray (Fig. 1-A) was taken four and one-half months after 
the onset of symptoms, but the pathological changes are only slightly 
evident. This presents a strong contrast to other cases in which marked 
necrosis of the neck and the head is evident as early as three weeks after 
the onset of symptoms. The degenerative phase of the cycle lasted for 
about one year. Note that the neck and metaphysis show the earliest 
evidence of healing, and that their regeneration is completed long before 
the regeneration of the head is completed or even well advanced. The 
phase of regeneration (Figs. 1-E to 1-1) had continued for nineteen months 
but was incomplete at this time. In the earlier x-rays (Figs. 1-A to 1-E) 
the head appears to stand away from the bottom of the socket (Walden- 
strom’s sign), but in the later x-rays (Figs. 1-F to 1-1) it has returned to 
approximately its normal position (Fig. 1-H). There is no appreciable 
deformity of the socket. The final x-ray shows but one-sixteenth of an 
inch shortening of the head and neck as measured from the top of the head 
to the inferior portion of the greater trochanter or to any other given point. 


Case 2: W. C., male, aged six and one fourth years, was admitted to University 
Hospital May 4, 1937. He had had a limp for six weeks, with pain in the right knee for ten 
days after the limp was noticed. Both limp and pain disappeared with rest. He was 
treated by rest in bed with extension for thirteen months; then by brace with pelvic band 
and perineal crutch, high shoe, and crutches for another period of ten months. Tubercu- 
lin reaction was negative, and blood sedimentation rate normal. The course of the 
disease is shown in Figures 2-A to 2-1. 


This case shows well-marked necrosis six weeks after the onset of 
symptoms, and the degeneration continued for twelve months after ad- 
mission. Regeneration has progressed for sixteen months and is not 
complete. Note that Waldenstrom’s sign (the size of the elliptical area 
outlined by the posterior margin of the acetabulum and the inner portion 
of the head and neck) is never so marked as in Case 1. Note also the 
increased size of the space between the head and the roof of the socket in 
the earlier x-rays (Figs. 2-A to 2-C). This is possibly due to the decalci- 
fication of the upper portion of the head, which makes it invisible. In 
the succeeding x-rays (Figs. 2-D to 2-1) this space becomes filled up by 
the regenerating head. 


Case 3 : R. E., female, aged seven years, was admitted to University Hospital iS ovein 
ber 2, 1936. She had had a limp for over one month which had been noticed by cr 

schoolteacher. There was no pain. The tuberculin reaction was negative. Sh ie was 
treated by bed rest and traction for twelve months, and by brace, crutches, and hig i - 1 
for another ten months. This case is illustrated by Figures 3-A to 3-G. 


This case showed marked advancement of disease when seen one mont 
after the onset of symptoms. Degeneration continued for ten 111011 ^ 
more. Regeneration has been in progress for thirty months and is no 
altogether completed. Note that Waldenstrom’s sign is very positive m 
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Cvsc 4. G. M. (Figutes 4-A thiough 4-J ) 



Fig. 4-A 


September 10, 1937. Decalcification, extending inegularly acioss neck, is more 
marked in the inner two-thirds. Head shows maiked degeneiation, fiagmentation, 
and is small and thin. 



Fig. 4-B 


November 20, 1937. There is an increase in the central necrosis of the metaphysis. 



Fig. 4-C 


April 1, 1938. Shows improvement in the metaphysis. Head has become very 
small and irregular. 
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Case 4 ( Continued ) 










Fig. 5-B 


March S, 1939. Head is regenerating and enlaiging. 



Fig. 5-C 

April 8, 1939. There is marked development of the head within a month, 
and regeneration in the metaphysis. 
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Fig. 5-E 


February 12, 1940. Regeneration of head is incomplete. Metaphysis is almost 
healed. It is interesting to observe how well the head has reformed. 

the earlier x-rays, but much less marked in the later ones. The final film 
does not show any thickening of the base of the socket or other deformity. 
As in all the other cases, the regeneration of the metaphysis is completed 
long before that of the head. 

Case 4: G. M., male, aged three and one-half years, was admitted to University 
Hospital September 6, 1937. He had had pain and limp for six weeks. He was treated 
by bed rest and extension for nine months, with east for four months, and then by high 
shoe and crutches. The course of the disease is shown in Figures 4-A to 4-J. 

This case presents very marked degeneration six weeks after onset of 
symptoms. Degeneration continued for about twelve months. Regen- 
eration, which has been in progress for seventeen months, is far from 
complete. Note that the metaphysis shows definite signs of recalcification 
while the decalcification of the head is continuing. 

The following cases show unusual types of necrosis of the metaphysis. 
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Case 6 W O’B (Figures 6-A through 6-G ) 



Fig. 6- A 


July 8, 1936 Shows maiked necrosis of the inner and outei poitions of the 
metaphysis with a central pillai of bone Necrosis in head conesponds to that 
in the metaphysis 
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C \se G (Continued) 




Fag 6-F 

August 31, 1937 Regeneration is progiessing as in other cases. 



Fig. 6-G 


June20, 1939. Regeneration isincompletetw entj -eight month-after it began 
This case was treated by rest in bed for only eight months Tin- may be the 
cau-e of delayed regeneration and the evident deformity of the head and neck. 
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Case 5: D. B., male, aged three and one-half years, had in May, 1938, an upper 
respiratory infection and middle-ear infection. At the same time he had a limp and 
pain in the right leg. After rest in bed for three weeks the pain disappeared but the limp 
continued. Course of the disease is shown in Figures 5-A to 5-E. 

The examination of the first film (Fig. 5-A) caused much discussion. 
Was it true Legg-Perthes disease or was it the result of a definite infection 
that occurred when the child had an infection of the middle ear six months 
before? Gross infection of the hip joint or an infectious epiphysitis was 
ruled out by the facts that there was but slight limitation of motions, and 
but very slight thickening through the hip. Both these signs conformed 
to Legg-Perthes disease, and this diagnosis was made, largely by careful 
palpation. The blood sedimentation rate was normal. Four months 
later (Fig. 5-B) there was definite evidence of marked recalcification in the 
metaphysis, and beginning recalcification in the head. This was but ten 
months after the onset of symptoms. It suggested that the necrosis began 
long before the onset of symptoms, or that it progressed more rapidly than 
usual. Note how the space between the head and the roof of the socket 
is large in the earlier x-rays, but that it becomes occupied by the regener- 
ating head in the later x-rays. Again the regeneration of the metaphysis 
precedes that of the head. 

Case 6: W. O’B., male, aged five years, had limp and pain for three months before 
admission on July 7, 1936. This case is illustrated in Figures 6-A to 6-G. 

This case shows clearly how the lateral necrosis of the metaphysis is 
accompanied by corresponding necrosis in the head, and how the last 
visible portion of the head sits upon a central pillar of bone in the meta- 
physis. It also illustrates the increased length of the regenerative phase 
of the cycle which is probably due to the absence of proper treatment by 
prolonged rest. The residual deformity is also probably due to the same 
cause. ' 

Case 7 : W. P., male, aged seven years, had pain in tiie hip for one year before the 
first examination, June 8, 1938. This case is shown in Figures 7-A to 7-D. 

This case illustrates a very marked and widespread necrosis in the 
neck even down to its base. The rather marked deformity (Fig. 7-D) is 
probably due to the fact that treatment was not begun until one year after 
the onset of symptoms. 

Case S: S. P., male, aged four years, had pain for three weeks before admission 
University Hospital on April 29, 1930. Tuberculin and Wassermann reactions "°r 
negative. This case is illustrated in Figures S-A to S-C. 

This case is interesting because it shows a central conical-shaped im 
crosis in the metaphysis and neck. It is suggestive of thrombosis o 
central vessel. Note how marked are the pathological changes ev i c 
within three weeks after the onset of symptoms. 

Case 9: Tt. T., male, aged nine years, was of the Frohlich’s-syndrome ype. 
weeks before first examination on July 20, 1939, he had jumped down six feet rom 
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Case 7. \Y P (Figuies 7-A thiough 7-D ) 



Fig 7-B 


October 5, 1938 Shows large neciotic area in the neck 



Fig 7-C 


January 5, 1939 Head and neck are legeneratmg 










Cyse 9. R, T. (Figuies 9-A thiough 9-D.) 



Fig. 9-B 

Xovembei 25, 1939 Shows marked necrosis extending across the uppei half 
of the neck. Head is moie dense. 













Fig. lO'D 
Match 1, 1940. 






Fig. 10-A 

October 14, 1939. There is a band of necrosis across the entire metaphysis. Head 
is slightly smaller, with decalcification of the outer third. 
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Case 11. B. M. (Figures 11- A and 11-B.) 



Fig. 11-A 

August 31, 193S. Early slipping of the epiphysis. Note area of necrosis in rneta- 
physis and the very slight displacement of the head. 



Fig. 11-B 

August 31, 1938. Same as Fig. 11-A, but the film is slightly overexposed. Note 
how the area of necrosis stands out more clearly than in Fig. 11-A. 


with resulting pain in knee; a limp developed. Tubeiculin reactions weie negative, and 
blood sedimentation rate was normal. The course of the disease is shown m Figures 9-A 
to 9-D. 

This case illustrates the broad bandlike necrosis in the metaphysis 
and neck which is evident three weeks after the onset of symptoms. The 
necrotic process progressed for about six months in spite of absolute rest 
in bed with Buck’s extension. Then suddenly regeneration began in the 
neck. 

Case 10: B. F., male, aged seven years, had had a limp for four months, but no pain. 
Tuberculin reaction was negative. Theie was a slight firm thickening, but no swelling or 
tenderness. The case is shown m Figures 10-A to 10- F. 
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Case 12. A. D. (Figures 12-A thiough 12-E.) 



Fig. 12- A 

Octobei 10, 1934. Shows a bloodless reduction. Head is small and fragmented. 
There is no evidence of neciosis of the metaphysis. 



Fig. 12-B 

October 10, 1935. Head appeals smaller. 


If Case 9 and Case 10 are thought to be examples of slipped epiphysis, 
they should be compared with the following case. 

Case 11 B. M., male, aged ten yeais, was admitted to Umveisity Hospital August 31, 
1938, with a typical history and x-ray appeaiance of a slipping epiphysis. The hip 5< ^ 
came healed in six to eight months without defoinuty of the head. See Figuies 
and 11-B. 


Necrosis of the metaphysis is apparently the cause of slipping o t ie 
epiphysis. This necrosis appears to be similar to that seen in - e o» 
Perthes disease (Cases 9 and 10), but it is not accompanied or succce e 
by similar changes in the head. The phase of healing in epiphysiojS^ 
sis occupies a much shorter time than in Legg -Perthes disease. A c ose 
inspection of the head (Fig. 11-B) with a magnifying lens appeared to s io 
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Case 13. A. W. (Figures 13- A through 13-G.) 



Fig. 13- A 

May 25, 1935. Shows marked changes in the left hip, early ones in the right. 
Symptoms were present in the left hip for six weeks, none in right. 
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Case 13 ( Continued ) 



Fig. 13-G 

January 7, 1939. Shows marked deformity and subluxation of the lelt hip, suffi- 
ciency of the right acetabulum, and less marked deformity three years alter “shelf” 
operation. 

very slight evidence of decalcification, but five months later this had dis- 
appeared. One can readily conceive that in Cases 9 and 10 the head 
would have slipped if early treatment had not been instituted. The 
similarities between Legg-Perthes disease and slipping epiphysis are inter- 
esting and will be worthy of further study. 

Case 12: A. D., female, aged two years, had congenital dislocation of the hip. 

This case illustrates the difference between true Legg-Perthes disease 
and the somewhat similar condition that frequently is a sequel to con- 
genital dislocation. See Figures 12-A to 12-E. 

Case 13: A. W., male, aged ten years when first examined, had symptoms in the 
left hip of six weeks’ duration, but no symptoms in the right. See Figures 13-A to 13- <■ 

This case illustrates the course of a case not treated by rest, and shows 
the advantage of the "shelf” operation to make a socket that completely 
contains the head and gives stability. The right hip did not progress to 
the marked degree of deformity shown in the left. 


SUMMARY 

1. Legg-Perthes disease is an affection of the head and neck of the 
femur which runs a cyclical course. The first, or degenerative, phase o 
the cycle extends through a period of approximately a year and a ia^ ■ 
The second, or regenerative, phase requires two to three years foi 1 ' 
completion. Adequate treatment by prolonged non-weight- beaiin 0 
shortens the cycle, and absence of such treatment prolongs it. 

2. The etiology is as yet unproved. The age incidence, m 
author’s cases, has been between three and eleven years and So P e ^ 
cent, have been boys (just the reverse of the sex incidence of congem 
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dislocation). Tuberculin reactions have been consistently negative, and 
the blood sedimentation rate has been normal. 

3. The usual symptoms are limp, and pain which is more commonly 
felt at the knee. The disease is often far advanced at the onset of symp- 
toms. 

4. The physical signs are limitation of motion (particularly of ro- 
tation) and a slight, but definite, firm thickening of the hip. Occasion- 
ally there is slight wasting of the muscles of the thigh. 

5. The pathological process is essentially one of aseptic necrosis of 
the neck and head of the femur which is succeeded by a physiological 
process of repair. 

6. The necrosis is always evident in the metaphysis, and the study 
of early cases indicates that here is the primary location of the disease. 
Necrosis of the head follows, and the primary area in the head corre- 
sponds exactly to the primary area in the metaphysis. As the disease 
spreads in the metaphysis, corresponding changes occur in the remainder 
of the head. 

7. Healing occurs first in the metaphysis and later in the head. 
The corresponding part in each which was the first to show evidence of 
necrosis is the first to repair. 

8. These observations indicate that the disease is essentially one 
which produces a progressive destruction of the blood supply through 
the metaphysis and the epiphyseal plate of cartilage, and that the changes 
which occur in the head are secondary to those in the neck. 

9. The deformities that arise in the head and the neck are due to a 
mechanical crushing of the necrotic tissue caused by weight-bearing and 
muscle pull. Deformity of the acetabulum is dependent upon the al- 
tered shape and position of the head. 

10. Treatment by rest in bed with Buck’s extension leads to such 
complete restoration that in the final result it is difficult to detect any 
deformity of head, neck, and acetabulum. 
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growth following fusio-N' for tuberculosis of 

THE KNEE IN CHILDREN 

BY S. L. HAAS, M.D., SAN FRANCISCO, CALIFORNIA 
Fmm lke Shme,S ’ H °Wtalfor Crippled Children, San Francisco 

of tu c b r“ x lin ?u ie s, "' gicai treatrac, “ 

treatment of tuberculosis of the 1-, • ? °! the arguments gainst 

r “ ££ £: 

unuei taxing opeiative interference in a °rowimr mum Tr +1 • u , 

cartilage plates of both the lower end of%h!fe , “ the epiphyseaI 

the tibia ni-e rlecfvr. i li C °* ^ emur > anc ^ the upper end of 

b “ “ P St,oyed > thOT bo o loss of from five to six inches on 

the affected side. 

From the results of 
experimental resection of 
knee joints 1 it has been 
shown that, after the 
careful resection of the 
articular cartilage and a 
layer of cancellous bone, 
there may be no loss of 
growth. It was empha- 
sized that the epiphyseal 
cartilage plate must not 
be injured during the re- 
section, and the adjoining 
layer of cancellous bone 
should be preserved. 
Since the mechanism of 
length growth of bones is 
the same in humans as in 
animals, one would an- 
ticipate that, if the same 
care were utilized in the 
operative procedure in 
man as in the experi- 
ments on animals, there 
would be no growth dis- 
p IG j — ' turbance from the opera- 

Case 7. E. G. Roentgenogram February 1 urn tlon of resection of joints 
Iu.ee joint before ope,« 4 . gr “”’ h 1934 f or tuberculosis. 
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Fig. 2 

Case 7. E. G. Roentgenogram, taken November 12, 1936, two yeais after 
operation, shows the opeiated femur one-quartei inch longer than the normal. 
Notice fusion of tibia and femui. 


Because of the importance of this problem, it is worth while to stu y 
the results of operative treatment, especially if the idea is accepted t ia 
only after ankylosis, or the prevention of motion, is a cure of bone tu ter 
culosis almost certain. 

At the Shriners’ Hospital in San Francisco the author had only a sma 
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Fig. 3 

Case 7. E. G. Roentgenogram, taken November 12, 1936, two years after 
operation, shows that the operated tibia is five-eighths of an inch shoiter than 
the normal. 

series of cases of tuberculosis of the knee joint treated by operative fusion. 
He had, however, an opportunity of observing these patients over a 
fairly long period of time, with a follow-up of careful measurement, mostly 
from roentgenograms. The age of the patients at the time of operation 
covered a representative range from two and three-quarters years 
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up to twelve and one-half years, and should, therefore, serve as a basis 
for some valuable conclusions. It is hoped that this short series, added 

to other reports, will help to 
answer the questions of the 
advisability or inadvisability 
of operative treatment of 
knee-joint tuberculosis in chil- 
dren. 

The operations were per- 
formed with a tourniquet 
through a lateral or medial 
patellar approach. Whenever 
possible, the patella was pre- 
served, and, after denuding its 
undersurface of cartilage, it 
was transferred to the re- 
sected region. After exposing 
the diseased joint, the re- 
maining articular cartilage of 
the femur and tibia was 
removed with as much of the 
diseased tissue as possible 
Particular care was taken to 
keep away from the epiphyseal 
cartilage plates of both the 
femur and the tibia. It was 
thought better to leave a little 
diseased tissue, if it extended 
near the plate, than to remove 
it, even though another opera- 
tion might be necessary to 
secure osseous union. In the 
very young, where there was a 
preponderance of cartilage and 
the ossification center of the 
epiphysis was small, it was 
advisable to remove only a 
thin layer of cartilage, even f 
though a fibrous union might 
occur. Later, with increased 
growth of the ossification cen- 
ter it was possible to perform a 
second operation and secure 
bony union. In some cases 
rvhere there was an extreme 
flexion deformity, a preliminary , 



Fig. 5 

Case 2. E. Q. Fiont and side views. Fig. 4 
shows condition before operation and Fig, 5 two 
yea is after fusion of the knee joint. Xotice that 
the low er extremities appear equal in length. 
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partial correction of the deformity by wedged plaster and other means 
was carried out. After operation, wherever possible, the limb was placed 
in a position of extension, because there was the usual tendency for flexion 
deformity to take place with further growth and overaction of the flexor 
muscles. The patients were kept in plaster until firm union was secured. 
Afterward, as an added precaution, they were usually provided with a 
brace with a molded leather knee cage to be worn for another year. 

There were twelve cases in this series of knee fusion in children. 
The important facts and the results are shown in the table. Figures 
1, 2, and 3 are roentgenograms of Case 7 and Figures 4 and 5 show preoper- 
ative and postoperative photographs of Case 2. 

SUMMARY 

The age range of the patients extended from two and three-quarters 
to twelve and one-half years. In at least three of the patients there was a 
family history of pulmonary tuberculosis. The duration of the disease 
varied from one to ten years, being of greater duration in the older 
patients. The tuberculin test, guinea-pig test, and microscopic findings 
were fairly uniform at the time of operation; and it is of interest that they 
were positive even in the older patients. It usually required two opera- 
tions before a firm, osseous ankylosis took place. It required a longer pe- 
riod in the younger patients than in the older to secure ankylosis. The 
average time required for bony union in all the patients was about two 
years. There was no loss of growth in the majority of the patients, and 
when it did occur it was not more than one-half inch. In some of the pa- 
tients there was a lengthening after operation due to stimulation of the 
epiphyseal cartilage plate. 


CONCLUSIONS 

Arthrodesis of the knee joint for tuberculosis can be successfully per- 
formed in growing children as young as two and three-quarters years, 
without any loss of growth. Care must be utilized not to injure the 
epiphyseal cartilage plate. Adequate protection to prevent flexion de- 
formity must be provided for several years after operation. 

1. Haas, S. L.: Growth Disturbances Following Resection of Joints. Arch. Surg., 
XIII, 56, 1926. 
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MALUNION OF FRACTURE OF THE HEAD OF THE META- 
CARPAL BONE (KNUCKLE FRACTURE) 

A Simple Operation for Correction 

BY EDWARD J. HABOUSH, M.D., NEW YORK, N.Y. 

From the Hospital for Joint Diseases ,* New York 

Although commonly regarded as a trivial injury, “knuckle fracture 
may still disable an individual and place before the experienced ortho- 
paedic surgeon a most perplexing task. The difficulties encountered in 
the treatment of knuckle fractures have been duly emphasized in numei- 
ous medical publications by Cotton, Jahss, Jones, Magnuson, and others. 
1 he surgical management of knuckle fracture with malunion presents even 
greater complexities. Reports of such cases are excessively difficult 
to find. 

The purpose of this paper is to review briefly the regional anatomy, 
to present the pathology of knuckle fractures experimentally pioduce 
in cadavera, with comments on their etiology ; and to repori a case wit 1 
malunion successfully operated on by a method which the authoi as 
not seen described heretofore. 


ANATOMY 

A metacarpophalangeal joint has no true fibrous capsule, but is 
invested by a tube of synovial membrane which lines the volar, an e 
two collateral ligaments. Proximally, the synovial membrane c ^ oa b s ie 
neck of a metacarpal bone and forms a dorsal and a volar fold. ese 
folds are comparable to the plica of a tendon sheath, and exten 
joint space approximately an inch above the terminal articular sui act 
Between the dorsal extensor tendon and the synovial roof there is 
normally filled with a very loose areolar tissue. This makes possi e 
wide excursion of motion of the extensor expansion as it glides o\ ei 
synovial membrane and smooth dorsal angle of the metacarpal bone. 


PATHOLOGY 

In knuckle fractures, experimentally produced in cadaveia, the 
and dorsal extensor tendon displayed some evidence of trauma. 
synovial roof was intact in some instances; in others, one to t iee 
rents were found. These rents were due to the jagged ends o ^ 
fragment, sometimes seen protruding through the openings. 0 ^ 
the fracture was invariably within the joint. Volarly, °'^' c 
oblique fracture line was cloaked by the synovial membrane. ® j| (ra _ 
fragment with its uninjured articular surface and intact co a er ^ 
ments was displaced into the palm laterally and toward t e wns , 


* Service of H. Finkelstein, M.D. 
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Fig. 1 


Roentgenogiams showing fracture of the second, thud, fouith, and fifth 
metacarpal heads experimentally pioduced in cadaveia. Xote injected vessels. 

resultant shortening of the metacarpal bone and increase in its antero- 
posterior and transverse diameters. There was fragmentation of the 
neck but no real impaction. Proximal to the area of fragmentation, 
there was the jagged end of the metacarpal shaft (Fig. 1). 

ETIOLOGY 

Although there have been no experimental determinations on their 
relative strengths, we know that the metacarpal bones vary in dimension. 
They gradually diminish in size from the second which is the largest 
toward the little finger. It seems quite reasonable to conclude, there- 
fore, that the fifth metacarpal is most susceptible to trauma and the 
second the least. 

According to the anatomical texts, flexion is limited at an angle of 
about 70 degrees. However, upon examination, it will be noted that the 
fifth finger flexes more than the fourth, and both exceed either the second 
or the third. Thus, the head of the fifth metacarpal is more readily ac- 
cessible to injury than the fourth, and both more so than the second or 
third. 
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*IC. 2 


nietoca?pat boL rae iJftheo^PmnLf “ alu ? ite d fracture of the head of the fifth 
placed toward the fourth metqmrnnf fc f n ?f k le -' v tle , dlstal articular fragment is dis- 
displaced ulnad causing in ) ‘Uidthejagged end of the pr° x imal fragment is 
resultant sof t-tissue J SS !? th ? transvc) ' s(: diameter of the head and a 
the lateral view the dfstTfrn^T- t a ? de of the hand <«« arrows). In 
with shortening of the i C ' - 1S displaced into the palm and toward the wrist, 

a soft-tissue prominence f 1 ? m ^ rease m its anteroposterior diameter, causing 

in the relatLnshh, bet™ r pa - m aiT0 ."')- There is a minimum of change 
of the shaft of thefifth mpfo 0 ^ le articular surface of the head and the axis 

articulation are intact rw = *1?* bone. I he surfaces of the metacarpophalangeal 
within the "oint clvity ° ^ the Jagged end of the shaft fragment is seen 


fhp le P° ld:s ) * n ^00 knuckle fractures there were 120 involving 

rp, . ' ' Vcnt y, the fourth; sixteen, the third ; and forty-four, the second, 

is emphasizes the importance of trauma. While the second meta- 
pa niay e sti onger and less accessible than the rest, it is traumatized 

0 en t tan the third or the fourth, but not so often as the fifth. 
X ^ e * lmeirtad evidence tends to show an architectural variation 

.i 0I1 ° C1 ei ent individuals rather than a varying of the metacarpals in 
th 6 /! 1 !™ 6 lnc ^ v ^ uad - When the architecture of the metacarpals is such 
, , , le nec ^ s aie weaker than the bases, knuckle fractures occur; when 

ases aie weaker, base fractures occur. Therefore, some persons have 
a specia piedilection to knuckle fractures, others to base fractures. The 
° * ai i •x. 1 ^ cu ^ ar ldd S e s of the metacarpal heads act as reinforcements and 

1 '/[ ' accoun t f° r the obliquity of the fracture line so characteristic 

of knuckle fractures. 

Ossification also plays a r6Ie in the incidence of knuckle fracture. 
During the growth period, until the epiphyses unite with the bodies at 
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about the end of the twentieth year, the metacarpal bones are probably 
more susceptible to fractures. Ossification is first to appear and union 
first to occur in the second metacarpal bone. This may also be of some 
importance in the occurrence of fracture. 

REPORT OF CASE 

V- C., a white adult male, aged twenty-two, came to the author May 14, 1936. 
The patient stated that he had bioken the knuckle of the fifth finger of the right hand 
on November 2, 1934. He complained of a bony prominence in the palm with a weak- 
ness of his right hand. The little finger was always in the way, and the patient was 
constantly striking it against various objects. 

Physical examination revealed a prominence of the shaft of the fifth metacarpal 
dorsally and toward the ulnar side of the hand. The head of the fifth metacarpal was 
prominent in the palm, and, together with the proximal phalanx, was displaced toward 
the fourth. Motion at the metacarpophalangeal joint was confined to an arc of about 
10 degrees; angle of greatest extension, 175 degrees; angle of greatest flexion, 165 degrees. 
Extension seemed to be limited by a bony impediment, and flexion by soft-tissue struc- 
tuie. There was loss of power in flexion of the ring and middle fingers. The index 
finger was unimpaired. X-rays revealed a fracture of the neck of the fifth metacarpal 
with malunion (Fig. 2). 



Fig. 3 


Postoperative roentgenograms show the leveling off of the dorsal and ulnar 
bony-shaft prominences with restoration of a more normal articular contour of 
the head of the fifth metacarpal bone. The anteroposterior and transverse 
diameters of the bone have been reduced, and the palmar and ulnar soft-tissue 
shadow prominences ha vedisappeared (see arrow). Thus a more normal relation- 
ship has been established between the fifth metacarpal bone and the flexor and 
extensor tendons. 
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Operation: 

Through a simple longitudinal incision over the dorsomedial aspect of the fifth 
metacarpophalangeal joint, the dorsal extensor tendon was found overlying and adher- 
ing closely to a dense fibrous-tissue mass. The fibrous-tissue mass, almost fibrocartilag- 
inous in character, adhered closely to the underlying metacarpal bone and synovial mem- 
brane of the joint, and obliterated the space, previously referred to, normally filled with 
loose areolar tissue. This fibrous-tissue mass was a definite barrier to flexion of the 
finger. 

On separating the fibrous-tissue mass from the bone and opening the dorsal 
synovial roof, the articular surfaces of the joint did not come into view. The metacarpal 
head was hidden by a ledge of bone projecting dorsally and on its ulnar side. This was 
leveled off with an osteotome, thus diminishing the anteroposterior and transverse 
diameters of the metacarpal bone, and reestablishing a normal relationship with the 
flexor and extensor tendons. 

Following closure of the wound, the finger was placed at a right angle with the 
metacarpal bone. Motion was instituted four days after the operation. Following 
healing of the wound, physiotherapy was administered. 

Six weeks postoperatively there was a normal and complete range of motion with a 
complete restoration of function of the hand. The head of the metacarpal bone which 
had been readily palpable in the palm was no longer so after the operation (Fig. 3). 

SUMMARY 

The anatomy, pathology, and etiology of knuckle fracture have been 
presented, with a case of malunion successfully treated by a simple 
operation. The procedure outlined and carried out on the case presented 
has the advantage of early motion, attacks the seat of the pathology, 
does away with the bony prominences, diminishes the anteroposterior 
and transverse diameters of the metacarpal bone, and reestablishes a more 
normal relationship with the flexor and extensor tendons. The change in 
the axis of a malunited knuckle fracture is not corrected by this operation, 
but this distortion may be more than compensated by the motion nor- 
mally present in the third, fourth, and fifth carpometacarpal joints. 

In malunited knuckle fracture, the space between the extensor ten- 
don and synovial roof may be obliterated by fibrous tissue which limits 
flexion of the finger and impairs function of the hand. In such a case 
osteotomy, usually done above the site of the pathology, is of little avail, 
and may only raise the metacarpal head. Arthroplasty with resection o 
the normally aligned and intact articular surfaces seems contra-indicate • 
Certainly, in the author’s experience, the ends do not justify the means. 
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SESAMOIDS BENEATH ALL THE METATARSAL HEADS 

OF BOTH FEET 

Report of a Case 

BY PAUL W. LAPIDUS, M.D., F.A C.S , NEW YORK, N. Y 
Fiom the Hospital fo/ Ruptuied and Crippled* 

The review of roentgenograms of 1,000 feet (by Burman and Lapidus) 
showed the frequency of inconstant sesamoids given in Table I : 

TABLE I 

Percentage op Frequency op Inconstant Sesamoids 


Fifth tibial sesamoid . . 16 3 

Second tibial sesamoid . . 3 4 

Fifth fibular sesamoid . . . . . 2 9 

Foui th tibial sesamoid . 0 7 

Thu d tibial sesamoid 0 4 


A fibular sesamoid was not seen beneath the second, third, and fourth 
metatarsal heads in this series of feet. Recently, however, the writer has 
had one case with fourth tibial and fibular sesamoids present in the right 
foot only (Fig. 1). 

The author wishes to record another case (Fig. 2) with six sesamoids : 
the first tibial and fibular sesamoids, and the second, third, fourth, and 
fifth tibial sesamoids which were accidentally discovered in both feet of a 
woman thirty-five years old whom he treated in the clinic of the Hospital 
for Ruptured and Crippled on June 12, 1929, for a strain of the right foot. 
Unfortunately no roentgenograms of her hands were taken. 

Stieda, Grashey, and recently Patterson each reported a case of 
multiple sesamoids of the foot. Thilenius proved conclusively the 
presence of cartilaginous anlage for the two sesamoids beneath each 
metacarpal head in a number of human embryos at about the third or 
fourth month. This may just as well be applied to the sesamoids of the 
feet. 

With a few extremely rare exceptions the adult human foot has two 
constant sesamoids beneath the first metatarsal head. Other foot 
sesamoids must be considered as inconstant. 

The reader is referred to an excellent work of Kassatkin for more 
detailed study of inconstant sesamoids of the human hand and foot. The 
latter author examined 770 feet and found, roentgenographically or in 
cadavera, the second fibular sesamoid in 0.2 per cent, of the feet, and the 
fourth fibular sesamoid in 0.6 per cent.; the third fibular sesamoid was not 
piesent in any of his eases In only five feet of his series were there 
sesamoids present beneath each metatarsal head, the largest total being 

*Seivice of the late Percy \V. Robeits, M D 
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Fig. 1 

Roentgenogiam of feet of a man about foity yeais old. Tibial and fibular 
sesamoids (anows) aie present beneath the right fourth metatarsal head. Note 
also tibial sesamoid beneath the fifth metatarsal heads. 



Fig. 2 

Roentgenogram of feet of a woman thirty-five years old. Note a sesamoid 
(anows) beneath the tibial aspect of each of the lesser metatarsal heads. 
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Fig. 3 

Roentgenogram of the right foot and hand of a mounted skeleton of an adult 
baboon. Two sesamoids (arrows) are present beneath each metacarpal and 
metatarsal head. Note four phalanges of the fourth toe, and also two carpal bones 
(os naviculare and os centrale, arrow) in place of one human navicular. These 
two bones are constantly present in the hands of most of the monkeys and may 
possibly explain the rarely observed congenital division of the carpal navicular m 
man. 

eight sesamoids in one foot: the first tibial and fibular sesamoids; the 
second and third tibial sesamoids; and the fourth and fifth tibial and 
fibular sesamoids. 

The more frequent occurrence of tibial sesamoids of the second, 
third, and fourth toes as compared with the extreme rarity of similar 
fibular sesamoids may possibly be understood if we consider that these 
sesamoids are located in the tendons of the lumbricales. These muscles 
run beneath the tibial aspect of the lesser metatarsal heads. The fibular 
sesamoids apparently fail to develop in human feet. However, this 
explanation fails to account for the presence of tibial and also fibular 
sesamoids beneath each metatarsal head in primates which have lumbrical 
muscles approximately similar to those of the human foot. Possibly the 
fibular sesamoids of lesser toes in primates are in the tendons of the 
interossei. 

The writer examined, in the Xew York Museum of Natural His- 
tory, 320 extremities of various mammals — fifty-six fossils, 192 primates, 
and seventy-two other mammals — with special reference to the sesamoids. 
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Two sesamoicls were found beneath each metacarpal or metatarsal head 
(Fig. 3) in almost all adult specimens including fifty-six extremities of 
fossil animals. 

The author wishes to thank Dr. William K. Gregory, Dr. George Pinkley, and Mr. 
Henry Raven of the Department of Comparative Anatomy of the Museum for their 
courtesy and assistance during this study. 
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OLLIER’S DYSCHONDROPLASIA 

Report of a Case* 

BY RALPH M. CARTER, M.D., GREEN BAY, WISCONSIN 

Typical, frequently occurring disease conditions have generally been 
thoroughly studied, and are fairly well understood; it is from the atypical 
cases that much may occasionally be learned. This is particularly true in 
the field of bone tumors. The establishment of the Registry of Bone 
Sarcoma, together with improvements in roentgenography and staining 
technique, have given a decided impetus to the study of these tumors in 
recent years. As a result much which was formerly obscure has been 
cleared up. However, our knowledge is far from complete, and from a 
study of the literature, it appears that this is especially true with regard to 
cartilaginous tumors. The case which is reported in this paper represents 
an unusual example of a relatively infrequent disease, and, as such, is 
considered of sufficient importance to be placed on record. 

On September 19, 1938, E. H., a single man foity-seven yeais of age, came under 
observation because of a defoimity of his right leg. 

Inquiry into the development of the condition revealed that the patient was appai- 
ently normal at bii th, w ith both legs symmeti ical and of equal length. Sometime dui ing 
his fust year, it was noticed that the right leg was not keeping pace m gi owth with the 
left, and was becoming misshapen. With the exception of his right leg, the boy developed 
normally; the defoimity and enlaigement of the leg continued to inciease slowly until 
about the age of twenty-one, W'hen the condition became stationary. It had lemained 
so until thiee or four months pievious to the time when he first came under observation. 
Aside from the inconvenience naturally resulting fiom the defoimity, the leg had given 
him no tiouble w'hatever. The patient himself had made a biace to oveicome the short- 
ening, and had ahvays been active m farm work. No fractuies had ever occurred. So 
far as could be ascei tamed, no heieditary influence w as piesent, and the previous history 
otherwise contained nothing of significance. 

The patient’s chief leason for seeking medical advice w r as because of seveie and in- 
tractable pain in the heel, together w ith a gi adual enlargement of the tumor in this region. 
The pain had begun some three or four months pieviously and had gradually inci eased in 
seveiity until, at the time he was fust seen, it was constant, pi evented sleep and rest, and 
rendeied him altogether miseiable. The increase in the size of the heel had been gi adual, 
but definite. 

Upon examination, the entiie light lower extiemity was seen to be markedly shoit- 
ened and deformed, so that in a standing position, the foot of the right leg hung but a 
shoit distance below r the left knee. The circumfei ence of the thigh was approximately 
twice that of the normal side, with the enlargement greatest in the region of the hip and 
knee; a similar enlargement affected the leg below the knee. The foot w as a monstrosity, 
the deformity being particularly maiked in the region of the heel, which was greatly 
swollen, with the overlying skin somewhat discolored and scaly. Upon palpation, the 
swelling throughout was liaid and apparently bony in consistency, except about the heel, 
wdieie some fluctuation could be detected; and, except in this area, where there was 
maiked tenderness upon piessure, was entuely insensitive. No gro-s deformities were 
appaient elsewhere in the body, and the general physical examination was otherwi-e 
negative. (See Figure 1.) 

* Presented before the Western Surgical Association, Los Angeles, California, on 
Decembei lo, 1939. 
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X-Rny Findings: 

A roentgenographic study of the entire skeletal system was made. The films of the 
head, upper extremities, spine, and lungs revealed no abnormalities whatever; those of 
the lower extremity disclosed a most interesting and unusual condition. 

The entire right half of the pelvis, particularly the outer half of the ilium, showed a 
diffuse mottling, apparently the result of abnormal calcium deposition, although some 
osteoporosis was also present, especially about the rim of the iliac crest. No cystic areas 
were visible. This condition extended into the acetabular region, and involved the right 
pubis and ischium, which were somewhat thickened and deformed. The left half of the 
pelvis was entirely free from change, as were also the sacrum and lower lumbar spine 
(Fig. 2). 

The upper end of the femur was the site of a bulbous enlargement, with deformity of 
the neck and trochanteric region; here again the mottling was visible. The shaft of the 
femur was very short, and the general shape of the bone, with another enlargement at the 
lower end, was that of a dumbbell. Neither in the pelvis nor in the upper end of the fe- 
mur did the disease process appear to extend into the surrounding tissues. There was 
apparently no abnormal periosteal reaction in this region. 

The lower end of the femur showed a dense rounded mass, in which very little struc- 
ture was visible. The actual shaft of the femur appeared to be about two inches in 
length, with the remainder of the bone consisting of the bulbous enlargements above and 
below. In the lower end of the femur, the process had apparently broken through the 
cortex, and numerous strands of calcification were to be seen extending out into the sur- 
rounding tissues, giving rise to a definite “sun-ray” appearance. The patella was 
markedly atrophic, but was apparently not involved in the growth. The space of the 
knee joint was obliterated (Fig. 3). 

The same bulbous enlargement was seen involving the upper end of the tibia. 
Here again there was no definite periosteal reaction, and no calcification or other signs of 
extension into the surrounding tissues. The fibula did not appear to be involved. 

The lower end of the tibia and the foot 
showed a similar appearance. The poste- 
rior portion of the calcaneum appeared cys- 
tic, and again the disease process apparently 
extended into the surrounding tissues, as 
evidenced by linear calcifications. All the 
bones of the foot appeared to be involved, 
with the exception of the fifth metatarsal, 
but the process was confined entirely to the 
individual bones, with no breaking of the 
periosteum, and no soft-tissue involvement 

(Fig. 4) " , • =v 

Following this examination, a biopsy 
was requested, but refused. It was recog- 
nized that the apparent tumor masses "ere 
probably cartilaginous in nature, and " C1C 
possibly undergoing malignant changes m 
certain areas. The only treatment reconi 
mended was a course of x-ray therapy, in ^ e 
hope that the pain might thereby be re ieve 
This was given, with no effect whatever o 
the pain, and no apparent effect on the turn 

tissue. .. T 

The patient was lost sight of until J 
uary, 1939, four months after he " us 
Fig. 1 seen. During the interval, the pam a 

Deformity of entire lower extremity. come increasingly severe, and he was n 
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tent that something be done. Although it was recognized that it might prove onlj- 
palliative, especially in view of the wide distribution of the tumor masses in the pelvis, 
amputation of the extremity was advised, and on January 25, 1939, a disarticulation at 
the hip joint was performed. He made an uneventful recovery, and at the present time 
(May 15, 1940), is in excellent health, so far as can be determined by physical examina- 
tion. A recent roentgenogram shows no apparent change in the disease process in the 
pelvis (Fig. 5). 

Pathological Examination: 

The pathological examination of the extremity was made by Dr. H. Heitzman, 
Pathologist for the Beilin Memorial Hospital in Green Bay, to whom the author is in- 
debted for the following report: 

“The specimen consisted of an entire right lower extremity 58 centimeters in length. 
Longitudinal section of the femur [Fig. 6[ revealed a definite compact bone cortex 0.2 
centimeters in thickness in the proximal half. The spongy bone was firm with scattered 
areas of pale blue hyaline cartilage, 0.2 to 1.0 centimeters in diameter. The marrow was 
red. The distal femur revealed the periosteum greatly expanded by a large soft cartilagi- 
nous mass which extended to the knee joint with irregular thin plates of bone scattered 
throughout. Compact bone was present near the anterior surface, with the largest 
amount of soft cartilage projecting posteriorly. Fibrous septa radiated into the cartilage. 

“The sectioned patella showed spongy bone, fatty marrow, and numerous hyaline 
cartilage masses 0.2 to 0.5 centimeters in diameter. 

“The dumbbell-shaped tibia revealed a definite compact bone cortex throughout the 
shaft. Section revealed areas at both ends of the shaft with firm spongy bone, fatty 
marrow, and no cartilage. Immediately adjacent to these areas were two others, ap- 
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Fig. 5 

Roentgenogram, of pelvis after operation. 


proximately 6 centimeters in length, which showed numerous hyaline cai tilage masses, 
thin plates of spongy bone, and dense nodules of compact bone. The midshaft revealed 
no cartilage, and only slight, or no abnormality in the compact or spongy bone. 

“The fibula was slightly shorter than the tibia with no external abnormality except 
slightly enlarged ends. Section revealed small hyaline cartilage masses in the spongy 
bone of the enlarged ends. 

“The entire calcaneum for the most part consisted of a spherical mass of soft cartilage 
containing small irregular plates of bone. The periosteum could be easily followed about 
the entire mass, and separated easily from the subcutaneous tissue. No extension 
through the periosteum was present. Section revealed a flat, opaque gray suiface com- 
posed of soft cartilage, with a small amount of dark brown blood in the center. 

“The other bones of the ankle and foot revealed similar changes, with the jelative 
amount of cartilage showing some variation. Throughout, the muscles u ere the seat of 
atrophy, fibrosis, and fat infiltration. The veins were thin-walled, with no invasion by 
tumor. 



Fin. 6 

Sectional view of gross specimen. 
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“ Upon histological examination, all sections from the distal femur and the calcaneum 
were similar. The periosteum was intact at the periphery, with immature cartilage the 
most abundant substance. The intercellular substance varied from coarsely granular to 
a homogeneous material. There was much variation in the size of the pleomorphic cells, 
many of which had numerous long processes. Cytoplasm was abundant, vacuolated, and 
frequently contained large, acidophilic hyaline masses. The nuclei were large, oval, 
irregular, vesicular and eccentric. Binucleate cells were frequent. A large, single 
basophilic nucleolus was present. Mitotic figures were not seen. 

“Small plates of bone occurred throughout the immature cartilage. Osteoblasts 
varied in number. Few osteoclasts were present. Thin-walled blood vessels occurred. 
No invasion of the blood vessels was seen. 

“Sections from the proximal tibia revealed a more mature type of hyaline cartilage, 
with small irregular foci of bone platelets.” 


DISCUSSION 


There remain to be briefly discussed, first, the diagnosis, and second, 
of particular interest and importance in this case, the prognosis. Taking 
into consideration the onset in early life, the apparent original localization 
of the cartilaginous masses in the epiphyseal regions of the long bones, the 
benign course, and the histological appearance of the tissue, the condition 
appears to be one of Ollier’s dyschondroplasia. Dr. D. B. Phemister, of 
Chicago, who reviewed the roentgenograms and sections of the tissue, 
concurred in this diagnosis. 

The disease is one affecting bone formed in cartilage, and was de- 
scribed in 1899 by Ollier as dyschondroplasia. At the epiphyseal line, the 
cartilage proliferates normally, but normal degeneration and calcification, 
and therefore, ossification are prevented. In consequence, as the bone 
grows in length, there persist in the diaphysis masses of unossified carti- 
lage. Apparently, as in this case, these masses of cartilage may occasion- 
ally take on independent growth, until huge tumors are formed. Also 


occasionally, according to Hunter and Wiles, sarcomatous change may 
supervene. 

Assuming Ollier's conception of the disease to be correct, it seems 
apparent that it is not a true neoplasm in the strict sense of the word, 
but rather is the result of disturbance of the physiological processes o 
bone growth and development, due to undetermined factors. These 
disturbances may exist in localized areas, side by side with normal bone 
development; as a result of this, deformities are produced. In other 
words, if this theory is true, the deformities result from a retardation o 
growth of certain portions of a bone, with normal growth in other portions 
of the same bone. Under these circumstances, the deformities pieseut m 
the majority of cases of Ollier’s dyschondroplasia rarely attain the extreme 


degree seen in the case which has just been described. . 

In this case, to produce the gross malformation which the patien 
presented, the cartilaginous “rests”, if they may be so called, must mre 
taken on independent growth, and this, too, greatly at the expense o ^ 
normal bone-producing portions. This is particularly true at the upp^ 
and lower ends of the femur, upper end of the tibia, and the calcanean 
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In these regions, at least, the tumors appear to approach very closely the 
character of true neoplasms, or enchonclromata. 

Finally, in this particular case, there has to be considered the question 
of malignancy. From the roentgenograms of the lower end of the femur 
and of the calcaneum, it seems apparent that the growth has broken 
through the cortex of the bone, and is invading the surrounding tissues. 
This, in itself, suggests that the tumors are not benign, at least in these 
particular regions. However, this roentgenographic appearance is not 
borne out by actual examination of the tissues. As was stated in the 
pathological report above, the periosteum everywhere appeared to be in- 
tact. The history of renewed growth after a long period of quiescence in 
the region of the heel is also significant. On the other hand, from the his- 
tological examination of the tumor tissue, no definite conclusions can be 
drawn; likewise no invasion of the blood vessels can be demonstrated. 

In this connection, Phemister writes as follows: 

“. . . The interesting feature to me is the cartilaginous overgrowth about the 
periphery of the central expansile mass at the end of the shaft of the lower part of the 
femur and os calcis. Considered separately, these lesions look like chondrosarcomatous 
developments in the x-ray and histologically the tissue is compatible with chondrosar- 
coma. However, growing, benign cartilaginous tumor and chondrosarcoma are very 
difficult to differentiate microscopically. Consequently I wouldn’t want to say that 
malignancy had set in here unless the patient subsequently develops a metastasis.” 

Heitzman of the Beilin Hospital was likewise unable to express a 
definite opinion as to the presence or absence of malignancy, and appar- 
ently the question can only be decided by the future course and outcome 
of the disease. 
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REPAIR OF OLD RUPTURE OF THE TENDO ACHILLIS 
BY MEANS OF FASCIA LATA 


Report of a Case 

BY ISADORE ZADEK, M.D., NEW YORK, N. Y. 

Complete rupture of the tendo achillis is a rare lesion. It is surpris- 
ing that it does not occur more frequently. Partial rupture of the tendo 
achillis is not so rare, and partial rupture of the calf muscle, usually con- 
sidered as a rupture of the plantaris, is relatively common. 

H. G. G., aged thirty-seven, was first seen by the author on September S, 1937, com- 
plaining of trouble with his left leg. He was a director of activities for boys, and had 
been accustomed to doing acrobatic stunts for many years. One month before he was 
seen, he was doing a stunt which he had done for many years called a “balking mule”, 
in n hich he snapped his body forward and backward with his hands in contact with the 
floor. On this particular occasion, the patient experienced sudden pain in the region of 
the left heel cord, and felt as though he had been struck with a baseball bat. He had to 
stop stunting at once. On the day of the accident, he had a great deal of discoloration 
about the ankle. He gradually began to walk with the affected extremity in outward 
rotation. The accident occurred during vacation, and two weeks later the patient drove 
his car 1000 miles. When driving, he pushed in the clutch pedal with his heel, and when 
walking, he used two canes. He was unable to place his left foot firmly on the ground and 
could not flex it. 

When he first consulted a doctor, two weeks after the injury, he was given massage, 
but failed to improve. The depression in the heel cord, which had previously existed, 
had grown deeper, and he had lost power in his calf muscle. He felt able to walk only 
upon his heel. He was forced to use crutches for the first time on the day he was seen 
by the author. 

Examination: His general condition was good. He walked with crutches and had a 
marked limp on the left side. There was a wavy depression three-fourths of an inch wide 
in the course of the tendo achillis, beginning two inches above the upper border of the os 
calcis. He was not sensitive at the site of rupture. He had completely lost the po«ei 
of plantar flexion of the left foot. The calf showed only slight atrophy. His foot was 
otherwise negative and circulation in the foot was good. 

Diagnosis: A diagnosis of old rupture of the left tendo achillis was made, and oper 
ative repair with fascia lata was advised. 

Operation: The patient was operated upon on September 9, 1937, at the Mount Vernon 
Hospital. The tendo achillis was exposed through a six-inch incision, and was oun 
completely torn. The lower end of the upper portion was conical in shape, and the upper 
end of the distal fragment was bulbous and redundant. There was no tendinous tissue 
inside the sheath at the site of the defect. In other words, the rupture was comp e ^ 
The gap, an inch and a half wide, was larger than it had seemed clinically. After t ie 
ends of the torn tendon had been freshened by cutting away the abnormal portions, 
was a gap of about three inches, with the upper portion of the defect at the muscu o e 
dinous junction. No separate sheath could be identified. , 

Three strips of fascia lata, one-half inch wide and six inches long, were to 'en r. 
the left thigh. The upper portion of the tendon was split in a sagittal plane an ^ 

portion in a coronal plane. The strips of fascia lata were woven into the split por io 
the tendon, sewed to each other, and sutured under slight tension with heavy c v° m * ^ 

The other deep soft tissues were closed with chromic gut, the subcutaneous 1SSU 
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plain catgut, and the skin with silk. With the foot in slight equinus a plaster-of-Paris 
cast was applied extending from the toes to the knee. 

On September 20, 1937, the plaster-of-Paris cast was removed, and a new walk- 
ing cast was applied, extending from the toes up to the knee with the foot at a right angle. 
At this time he showed 

fair power in the calf V I . 

muscle. V \ 1 \ \ \ l 1 1 / / 

On September 23, / \| \ l \\\\.lli|/ / / / 

1937, he was discharged f 1 |j l \\\\ \ 1 1 1 ' j I I 

from the hospital, walk- I I Jl \ \\\'\ J I I 

ing with crutches and \ \ / / 

bearing his weight. His \ yTU j||/// j \ \ .JL. I I 

further course was un- \\M|| / / \ \ I r \ / / 

eventful. Five weeks \\ / / \ ML^ir / 

after the operation, he \ W "/ \ \c\ B n / 

was fitted with an ankle \J I \ \ y ■ 

bra.ce with attached foot I \ \.\j / 

piece, allowing limited T’V V. \ L / 

motion, which he used T(I|'V \ \ \ I 

for five months. i P \ 1^1 I 

Patient was last ' I I. A \ j 

seen by the author two Fig. 1-A / v\ | 

years after the operation. Showing the tendo | | A B \ C \ \ 

He stated that he could achillis as found at I i y-q } \ 

do his usual athletic operation. I \ 

stunts as well as he had \ / ’’ \ L 

prior to the injury, and he had no pain. He was able W \ I \ 

to play eighteen holes of golf without strain or dis- I I f{((ll\\\v\ \ \ 
comfoit, run, and play basketball. At this time, he / ' \ 

had motion in the left ankle from 80 to 130 degrees, / 

compared with 80 to 135 degrees in the right. He I j) 

showed excellent power in the left calf muscle; walked V i- 

without limp; and could rise on the toes of his left foot ^ ^ 1 

and bear his weight without difficulty. There was Fig. 1-B 

no local sensitiveness. He demonstrated the “balking Method of repair by the use 

mule’’. of strips of fascia lata. 


Fig. 1-A 


Showing 


the tendo 
found at 




mm 



Fig. 2 Fig. 3 


Two years after operation. Patient Two years after operation. Pa- 
stanchng on a stool, and bearing weight on tient bearing weight on the left fore- 
the left forefoot. The outline of the foot as seen from the side, 
reconstructed tendon is clearly evident. 
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A SIMPLE METHOD OF REDUCTION AND FIXATION OF 
COMPRESSION FRACTURES OF THE SPINE 

BY EDWARD PARNALL, M.D., MINOT, NORTH DAKOTA 
From the Department of Bone and Joint Surgery, Northwest Clinic, Minot 

Within the last dozen or fifteen years the hyperextension mechanism 
for treating compression fractures of the vertebrae has been evolved and 
variously elaborated. The most profound comments on this mechanism 
were made by Davis. 1 

For the maintenance of tension, a satisfactory body cast, holding the 
spine in hyperextension, is a prime requisite. Probably one of the most 
efficient ways of getting proper hyperextension would be to arch the 
patient’s trunk backward over a barrel. But alas, a barrel can be 
neither comfortably incorporated in a cast nor conveniently slid out of it. 
Application of a cast with the patient supine on a canvas hammock can 
only be condemned, since in using it one can achieve neither the sharp 
degree of hyperextension necessary, nor fit the plaster comfortably 
around the pubes and clavicles. Some methods seem rather precarious 
(Watson-Jones), and others require apparatus that entails quite an ex- 
pense (Rogers frame). The original — and probably the most efficient 
method of Davis 1 , suspension by the heels in supine position, is simple, 
but uncomfortable for a conscious patient, and difficult for the surgeon 
when he applies a cast instead of anteroposterior shells. 



Fig. 1 

The author has found the following method simple and inexpenshe, 
with a fulcrum of curvature that can be accurately adjusted to nhatei 
lumbar or thoracic vertebra is involved. , , 

The apparatus (Fig. 1) consists of a block and tackle, suapencc 
from an adequate overhead fixation point; a thin band (A), about or 
or fortj'-five inches by three and one-half inches; two strips o spri a 

___ lAtvT 
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steel ( B ), about one inch wide and thirty inches long; a cross bar (C) of 
ordinary one-inch pipe; and a length of stout rope or sash cord ( D ). 
Holes, to receive the ends of the cross bar, are drilled in each end of the 
band, which is made of monel metal, stainless steel, or other non-malleable 
metal which retains its smooth surface. 

The patient is placed in a supine position, upon adequate felt pad- 
ding, with the two spring-steel strips, which have been coated with a thin 
film of mineral oil, placed underneath, one on each side of the spinal 
column. The wide metal band is then slid across, underneath the whole, 
at the level of the compressed vertebra, and the ends brought up on 
either side. The ends of the pipe cross bar, with the sash cord threaded 
through it, are put through the holes in the band, the cord made fast, and 
the patient pulled up with the block and tackle until 
he swings clear of the table. Sand bags may then be 
put under the shoulders and buttocks to steady him. 

While the patient is well hyperextended across the 
suspension band, the two longitudinal strips prevent 
too exaggerated a degree of angulation, and make 
the curve smooth and comfortable. A long body 
cast reaching from the symphysis pubis to the 
sternal notch is applied in the usual manner. 

When the cast is set, the strips are easily slipped out. 

The duration of recumbency following applica- 
tion of the cast is a matter of judgment, and may be 
anywhere from one to six weeks. In general, a tall, 
heavy man with a long trunk will require a longer 
time than a short, light person, since the apophyses 
of the former cannot be depended upon so con- 
fidently to sustain the weight without some collapse 
of the vertebral body. Lateral roentgenograms are 
the most reliable check on the condition from time 
to time. A properly placed window on each side 
permits the observance of bone detail, and in no way 
spoils the efficiency of the cast. The writer does 
not employ any steel back brace, since the best of 
them does not really immobilize a spine. This 
apparatus, however, makes it quite easy to change 
casts as often as desired, so that immobilization may 
be continued for six months or longer if necessary. 

While this method offers no radical departure 
from the principles laid down by Davis, and the results attained by its use 
in no way differ from the usual end results of proper hyperextension and 
immobilization, the apparatus can be used for nearly all compression 
fractures, with or without cord involvement. Its chief advantage is 
security at all stages of operation, with delicacy and accuracy of adjust- 
ment. 



Fig. 2 


Two weeks after re- 
duction and applica- 
tion of cast. Note 
that cast reaches from 
sternal notch to the 
symphysis pubis, and 
fits snugly under the 
axillae. 
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An important contra-indication to its use, however, is any fracture 
of a posterior arch at the point of fulcrum desired, which may be further 
injured by such stress. In such cases the Davis or Watson-Jones method 
is the one of choice. 
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TUBERCULOSIS OF THE GREATER TROCHANTER 
AND TROCHANTERIC BURSAE 

BY JOSEPH D. WASSERSUG, M.D., MIDDLEBORO, MASSACHUSETTS 
From Lakeville State Sanatorium, Middleboro, Massachusetts 

Tuberculosis involving the greater trochanter or the trochanteric 
bursae is still regarded as rare although more than seventy-five cases have 
been reported in the literature. Of 1,017 cases of bone and joint tubercu- 
losis admitted by the Lakeville State Sanatorium, during the twelve-year 
period from 1928 to 1939, eighteen cases of trochanteric disease were 
found, an incidence of 1.8 per cent. Peabody 10 found that in the Massa- 
chusetts General Hospital from 1870 to 1920 the diagnosis of tuberculosis 
of the trochanter was made just five times. 

In this series of eighteen cases, five had disease only in the trochanter; 
no other focus could be found. In two cases, the bursae alone were in- 
volved, and there was no evidence of a trochanteric bone lesion. 

Tuberculosis of the trochanter occurs most commonly in young 
adults. Perrin 11 described a case in which the trochanter was involved 
in a boy three and one-half years old, the youngest of any of the reported 
cases. The average age of onset of symptoms in the present group of 
cases was twenty-five and one-half years, with the ages varying from 
seven to fifty-five years. 

A greater number of cases occurred in males than in females. There 
were thirteen males and five females. 

The left side was involved in thirteen cases, and the right in only five. 
This differs from the observations of Meyerding and Mroz 9 who found 
disease on the right side in fourteen out of nineteen cases. Apparently 
the disease occurs with about the same frequency on either side. 

Of the eighteen cases studied, a history of local trauma was obtained 
in nine. In two additional cases, trauma resulted in an exacerbation of 
arrested lesions. The interval between traumatization and onset of 
symptoms varied from two months to fifteen years, with an average 
period of six and one-quarter years. This is essentially in agreement with 
the figures cited in the literature. 

The presence of a demonstrable tuberculous focus is a second etiologi- 
cal factor. Only five of the eighteen cases had no demonstrable lesion 
other than the trochanteric disease. In thirteen, or 72 per cent., other 
tuberculous lesions were found. Of these thirteen, a history of trauma 
was obtained in six. Of the five cases in which no tuberculous focus 
could be demonstrated, three gave a definite history of local injury. 

DIAGNOSIS 

The diagnosis of tuberculous trochanteritis is not simple. It is fre- 
quently mistaken for other conditions about the hip. and has been con- 
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fused with osteochondritis deformans l , lipoma 3 , tuberculosis of the hip 5 , 
Pott’s disease 4 , neoplasms of the femur 7> 10 , and hematoma 8 . 

Pain in the region of the hip is the most common symptom, and it 
was the presenting symptom in fourteen of the eighteen cases. In the 
remaining four cases, the initial complaint was the appearance of a lump 
or abscess in the vicinity of the trochanter. The development of a sinus 
is common, but the diagnosis can usually be made before this complica- 
tion occurs. Eleven of the fourteen patients who complained first of 
pain subsequently developed a swelling over the trochanter. The pain 
experienced is usually intermittent, but may later become continuous; 
it is relieved by rest, and aggravated by walking, exercise, and change 
of posture. In two cases, damp weather aggravated the pain in the hip. 

Examination may yield but little information and, in the presence of 
characteristic symptoms, the absence of positive signs of hip disease is 
strongly suggestive of trochanteric involvement. The patient does not 
lie or stand in any characteristic attitude, but he may limp slightly. 
There is never any shortening, and atrophy of the thigh muscles is unusual. 
There may be some local swelling, but, until an abscess is about ready to 
discharge, there is no local heat or redness. Local tenderness, however, 
is a very common finding, and the tenderness is usually directly over the 
trochanter. Generally, movements at the hip are not restricted or pain- 
ful. Even with extensive swelling in the region of the thigh, hip motion 
is fairly free. 

In the majority of cases, roentgenograms are indispensable. In 
some cases, however, when x-ray examination is done early in the disease, 
or when the bursae alone are involved, the roentgenogram may be of no 
help. In a few other cases roentgenographic study may be definitely 
misleading. Differentiation between tuberculosis of the trochanter and 
neoplasms of the femur is sometimes exceedingly difficult. In this series 
of cases, roentgenograms revealed bone destruction in every case where 
the trochanter was involved. Occasionally, in obscure cases, the injec- 
tion of a radio-opaque substance into a sinus leads to a correct diagnosis. 

The diagnosis of tuberculous disease should be confirmed by bac- 
teriological or histological methods or both. Guinea-pig tests should be 
made on all fluid obtained by aspiration, and on material draining from 
sinuses. Rarely, guinea-pig tests on fluid obtained in this way may be 
negative, and yet material from the abscess wall may be characteristically 
tuberculous. Sixteen of our cases were operated upon, and the diagnosis 
was confirmed in fifteen. In the remaining case, smear and culture o 
aspirated fluid were negative, but the diagnosis was later confirmed at 
autopsy. 

Of the fifteen cases confirmed at operation, ten were confirmed ns 
tologically, two bacteriologically, and three by both methods. 1 he two 
cases which were not operated upon had extensive bone and jom 
pulmonary, or urogenital tuberculosis, and the diagnosis was made on 
roentgenographic evidence. 
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In all cases, the tuberculin test was positive, and the blood Hinton 
negative. In no case was there a history of tuberculosis in the family 
or a history of contact. 


TREATMENT 

There is unanimity of opinion that surgical intervention is preferable 
to conservative treatment. Chakir 2 and Herlyn 6 believed that operation 
shortened the duration of the illness, and that delay led to the develop- 
ment of fistulae. Meyerding and Mroz 9 felt that the treatment should 
be radical excision as soon as the diagnosis is made. This viewpoint is 
corroborated by our study. 

The eighteen patients in our series had a total of forty-three opera- 
tive procedures performed for their trochanteric disease. These were 
three aspirations, four sequestrectomies, six curettements, seven biopsies, 
eight excisions or resections, and fifteen incisions for drainage. Two 
patients were not operated upon at all; one was operated upon five times. 
Incision and drainage were done as a palliative measure for two patients 
too poor a risk for further surgery, both of whom died. In a third case, 
incision and drainage, but no other operation, were done on three different 
occasions, and the drainage from sinuses has persisted for more than 
twenty-five years. Incision was done only once in eight other cases and 
in seven of them further operation was required. The eighth patient still 
has a discharging sinus three years after his original incision and drain- 
age. Thus, incision and drainage, which are so commonly done, appear 
to be without any permanent benefit. 

Radical excision, resection, or thorough curettage gives superior 
results. Such operations were performed in ten cases, and in no case was 
there drainage or sinus at the time of the patient’s discharge from the 
hospital. Six of these patients were followed for an average period of 
four years after leaving the Sanatorium, and none of them had any re- 
currence of swelling, drainage, sinus formation, or spread of the disease. 

In most cases, plaster immobilization of the hip is unnecessary. 
When there is no evidence of hip-joint involvement, little is to be gained 
by the use of plaster. On the other hand, post-operative cases sometimes 
benefit from a plaster cast, because of the protection it affords. There 
were two cases in the series that were not operated upon, and the only 
treatment given was immobilization in plaster. Both had serious tuber- 
culosis in other organs of the body. One was in plaster for six months; 
the other, for one year. In both cases, the end results were satisfactory. 

END RESULTS 

Tuberculosis of the trochanter must be regarded as a serious and 
disabling illness because of its chronicity and the necessit3 r for prolonged 
or repeated hospitalization. Of the eighteen patients in this study, four 
are at present still hospitalized. The remaining fourteen patients stayed 
at the Sanatorium a total of twenty-one and one-quarter years, or an 
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average of one and one-half years. The shortest stay was six months; the 
longest almost six years. Of the fourteen discharged patients, four have 
died. Eight of the remaining ten have been followed periodically for a 
total of twenty-three and one-half years, or an average of three years 
each. Even the five patients who had no tuberculous disease other than 
the trochanteric involvement remained in the hospital an average of 
thirteen months. Each of these patients has been followed for an average 
of four years since leaving the Sanatorium. Except for one of them who 
became insane and died, all are in good health, and have practically no 
complaints referable to the trochanter. The patients with the tro- 
chanteric bursitis are also free from symptoms. 

The prognosis in uncomplicated trochanteric disease is good. The 
disease has no mortality per se. Two patients, who had extensive and 
multiple tuberculous foci, died while in the hospital. A third death oc- 
curred in a sixty-year-old man, six months after transfer to a hospital 
for the insane. The fourth patient, a man sixty-eight years old, died of 
cerebral hemorrhage, eleven months after discharge. 


ILLUSTRATIVE CASE 

W. F., a forty-one year old male, first complained of pain in the left hin in January 
1930. The pain was worse at night, and was aggravated by getting up from a seated 
position. About two months previously, he had received a blow on his left side. He 
walked with a limp, and a fluctuant mass was felt over the left trochanter. Motion of 
the hip was somewhat restricted. Roentgenograms showed almost complete destruction 
of the left greater trochanter, and numerous dense fragments of bone in the soft tissues. 
Aftei one week of bed rest, the patient was able to get about without pain, and refused 
operation. He remained relatively symptom-free for three years. 

In February 1933, patient again complained of severe pain, and the presence of a 
mass in the left upper thigh. Examination revealed slight atrophy of the thigh and 
the presence of a cystic bilobular abscess in the upper thigh region. This abscess of the 



Fig. 1. ab 

W. F. Roentgenogram taken six months after operation. Note ,f n( l 

sence of left greater trochanter. Excellent functional result was repor 
one-half years later. 
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left greater trochanter was incised, drained, and thoroughly curetted. Pathological 
diagnosis was tuberculosis. Postoperatively, patient was given a Thomas splint, and 
was transferred to the Lakeville State Sanatorium. 

On admission, March 3, 1933, he had a healed scar on his left thigh. All movements 
of hip were free, noil-painful, and non-restricted. Roentgenogram showed left greater 
trochanter surgically removed, and several rarified areas in the neck of the femur, 
adjacent to the greater trochanteric region. Patient was given a short single plaster 
spica, because it was felt that there might be extension of the disease into the femoral 
neck. Three months later, he was allowed out of bed, and his improvement continued 
until September 17, 1933, when he was discharged (Fig. 1). 

In February 1940, six and one-half years after discharge, patient had no pain, 
swelling, lameness, or sinus formation; movements at hip were not restricted. He had 
been steadily employed as a mattress-maker. 


SUMMARY AND CONCLUSIONS 

1. Eighteen cases of tuberculosis of the greater trochanter and the 
trochanteric bursae are analyzed. 

2. Fifty per cent, of these cases had a history of local trauma; in 
72 per cent, there were one or more other demonstrable tuberculous foci. 

3. The diagnosis of trochanteric tuberculosis is frequently missed 
because there is no characteristic clinical or roentgenographic picture. 

4. Radical surgical treatment is preferable to prolonged conserv- 
ative measures. 

5. Tuberculosis near the hip joint is serious because of its chronicity 
and the necessity for prolonged hospitalization. 
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ASEPTIC NECROSIS OF BONE OCCURRING IN 
CAISSON DISEASE 

A Case Report 

BY WILLIAM A. WALKER, M.D., NEW YORK, N. Y. 

From the Orthopaedic Service* Bellevue Hospital 

The subject of aseptic necrosis of bone occurring in caisson disease 
was reviewed by Ivahlstrom, Burton, and Phemister 1 a year ago, and 
four cases were reported by them. They were the first to give the path- 
ological findings in the late bone changes in this condition. This they did 
by autopsy in one case and biopsy in another. They concluded that, in 
caisson disease, nitrogen-bubble emboli in the blood stream caused in- 
farction with subsequent aseptic necrosis of intramedullary bone. Since 
fat absorbs five times as much nitrogen as blood plasma, long bones were 
involved because of the higher fat content of the yellow bone marrow. 
The cortex was spared because of its richer blood supply. 

Later changes in the process following necrosis were reparative in 
nature. Within the shafts of long bones the necrotic area was surrounded 
by a fibrous wall which went on to calcification and ossification. At the 
same time there was some replacement of dead bone by invasion of new 
bone. These processes went on until the strength of the bone had reached 
normal. When a weight-bearing epiphysis, such as the head of the femur, 
was involved, there was early collapse followed by repair by means of new 
bone invasion and replacement, and calcification of non-substituted por- 
tions. Sections through the diaphyses revealed areas of grayish and 
brownish debris surrounded by an encapsulating wall of calcified fibrous 
material, while those through the head showed bone with areas of varying 
density but no areas of debris. 

The case here reported is in all respects similar to those reported by 
these other named authors. 

E. M., a white male, fifty-five years of age, Finnish by birth, and a carpenter b\ 
occupation, was admitted to the Orthopaedic Service at Bellevue Hospital on Septembei 
2, 1939. His chief complaint was pain and stiffness of the right hip of twenty-five years 
duration. 

The patient had gonorrhea thirty years ago; denied having had lues; and nevei hac 
rheumatic fever. He fractured his right leg and hip twenty-three years ago; and "as 
thought to have had appendicitis sixteen years ago, but he believes that the pain " as 
from his hip. The family history was irrelevant. _ . 

Twenty-six years ago the patient was employed on the construction of a pier o ie 
Hell Gate bridge, working under air pressure of fifty pounds. He developed a bP 1 ^ 
case of caisson disease after being decompressed for the short period of five minutes, 
was not recompressed. Symptoms were cramp-like pains in the abdomen an 
nausea and vomiting, and bleeding from the ears and mouth. These disappeare ' 
three weeks. He did not return to work under increased pressure. One yeai a er 
first noticed stiffness and pain in the right hip. This disability persisted an | ncr f? 
to such an extent that he had been unable to put on his right shoe for ten years. ^ ^ 
ever, he was able to, and did continue his work as a carpenter until bis at nussioi 

* Service of Arthur Krida, M.D. 
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Bellevue, August 11, 1939. On that date he was struck by an auto and sustained contu- 
sions of the entire right side of the body, and minor fractures of the right foot and right 
hand. He was treated elsewhere in the Hospital for these injuries, and for acute alcohol- 
ism prior to his transfer to the Orthopaedic Service for treatment of his “arthritic” hip. 

Physical examination showed the patient to be a well-developed and well-nourished 
man, confined to bed, and unable to walk because of pain in the right hip. Regional ex- 
amination, except for the hip, was negative. His hearing was unimpaired. 

The laboratory findings were as follows: 

Urinalysis — specific gravity 1.021, negative 
Red blood cells — 5,100,000 
Hemoglobin — 90 per cent. 

White blood cells — 8,190 

Polymorphonuclear neutrophiles — 68 per cent. 

Lymphocytes — 32 per cent. 

Blood Wassermann — negative 
Sugar — 90 milligrams 
Calcium — 10.3 milligrams 
Phosphorus — 2.0 milligrams 
Phosphatase — 7.9 milligrams 
Non-protein nitrogen — 33 milligrams 
Urea — 21 milligrams 

The right hip rested in slight abduction, flexion, and external rotation. There was 
slight atrophy of the thigh and leg. Motions of the hip were markedly restricted. Flex- 
ion of 5 degrees and abduction of 5 degrees were the only motions obtainable. The 

measurements of the lower extremities were R. U. 373^ inches; L. U. 36J4 inches; R. A. 
33 inches; L. A. 33 inches (apparent lengthening, one inch; actual lengthening, none). 

Roentgenograms of the entire skeletal system were made, and are the important 
factor in the diagnosis of this case. Those of the right hip revealed an irregularly flat- 
tened femoral head, throughout which there are numerous areas of decreased density 
surrounded by bone of increased density, lacking in fine bone detail. There was some 
irregularity of the acetabulum corresponding to that of the head, and moderate narrow- 
ing of the joint space, with marked hypertrophic marginal changes of both the head and 
acetabulum. The diaphysis of the lower right femur revealed an irregular area, four 
inches in length, of unevenly increased density, which was quite sharply demarcated 
distally and faded off proximally. It did not extend within the epiphysis, or involve the 
cortex. There was a similar shadow of increased density in the diaphysis of the upper 
right tibia. It, too, was demarcated on its epiphyseal boundary and faded off toward the 
central part of the shaft. Again there was no involvement of the cortex. There is a 
well-healed fracture at the level of the lower and middle thirds of the right tibia. 

Within the medullae of the proximal phalanges of the right second, third, and fourth 
fingers there were several tiny areas of irregularly increased density, and also a suggestion 
of irregular areas of decreased density in the cancellous bone. No other bones were in- 
volved. All flat bones were negative. 

Operative Procedure 

On October 2, 1939, the right hip was arthrodesed through an anterolateral incision. 

A Ghormley type of intra-articular fusion, which afforded the removal of a substantial 
section of the femoral head, was done. The exposed joint showed the characteristic 
changes found in osteo-arthritis, — thickened capsule, injected synovia, thinned and eroded 
articular cartilages, and marked hypertrophic marginal changes. 

A portion of bone was removed from the front of the right tibia three inches below 
the knee joint. The cortex and underlying cancellous bone were removed, but no debris 
was noted, probably because the section was not removed deeply enough. 

The patient was placed in a hip spica, and his postoperative course was uneventful, 
except for a rise in temperature on the thirty-eighth day which persisted for ten days. 
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Fig. 1 Fig. 2 


Itg. 1: Anteroposterior view of right lower femur and upper tibia. 

. y**8- - ■ Lateral view of right lower femur and upper tibia. (Defect in cortex 
interior to tibial tubercle is site of biopsy.) 


This was ascribed to a pneumonia of unknown type, the plaster making adequate chest 
examination impossible. 

Microscopic examination of bone removed from the femoral head revealed scattered 
areas of increased density. Xo areas of debris were found. In the section from the upper 
tibia the cortex and immediately underlying cancellous bone w r ere normal. 1 oward the 
medulla some calcified material was found as well as areas of necrotic bone. A*o gross 
debris was found. Figure 5 is a photomicrograph of a section from this biopsy. 


I here can be no doubt that the lesions of the right femoral head ant 
lower shaft, and right upper tibia are on a nitrogen-embolism basis. The 
only trauma that the patient sustained was a fractured tibia, and that oc- 
curred two years after the onset of symptoms in the hip. The likelihoo 
of fat embolism can hence be ruled out. It is likely that the so-callec 
fractured hip twenty-three years ago was the collapse of the necrotic hea 
mistakenly diagnosed as a fracture. 
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Fig. 5 

Photomicrograph (low power) of biopsy specimen removed from the upper 
tibial lesion. . . 

At the extreme right there is a necrotic spicule of bone with empty lacuna 
spaces and walled off by a thin rim of calcium. Scattered fragments ol ne 
erotic calcified bone are present throughout, visible as dark-staining masse , 
also some osteoblastic proliferation which probably walls off the massive mlaic 


The character and distribution of the changes noted by the roentgeno 
graphic and biopsic findings in this case are practically identical with t lose 
of Phemister’s cases. The irregular areas of increased density in the ower 
femur and upper tibia represent the calcified and ossified encapsulating 
wall surrounding debris of necrotic bone. The femoral head is flattens ^ 
as a result of weight-bearing while necrotic. Its mottled appearance 1S c 
to irregular invasion of new bone and calcification of non-substitutec are^ 
The author wishes to acknowledge the assistance of Dr. Frank Nobiletti, Res’ j 
Surgeon at Bellevue Hospital, and of Dr. D. A. DeSanto, Pathologist at t ic 
for Ruptured and Crippled. _ . , ^ 

1. Kahlstrom, S. C.; Burton, C. C.; and Phemister, D. B. : Aseptic Xec 

Bone. I. Infarction of Bones in Caisson Disease Resulting in Encapsulated ^ ^ , 
cified Areas in Diaphyses and in Arthritis Deformans. Surg. jnec. 

LXVIII, 129, 1939. 
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AN ACTIVE THREE-POINT-PRESSURE SCOLIOSIS BRACE 

BY THOMAS HORWITZ, M.D., PHILADELPHIA, PENNSYLVANIA 

This brace is suggested for the ambulatory treatment of lateral curva- 
tures of the spine which are primary in the midthoracic, lower thoracic, 
and thoracolumbar regions, and which are completely or partially flexible. 
The essential feature of its mechanism is the associated action of the com- 
ponents of an active three-point-pressure unit. This principle has been 
employed in several previously reported scoliosis braces. It was designed 
originally by an ingenious braceman, and, following clinical trial during 
the past four years, has been modified by the author. 

The brace selected for description has been designed for a right 



Fig. 1-A Fig. 1-B 

Diagrammatic representation of the brace before (Fig. 1-A), and after (Fig. 

1-B) its corrective forces are mobilized. The details of construction are re- 
ferred to in the text. 

thoracolumbar scoliosis (Figs. 1-A, 1-B, 2, and 3). The mechanism would 
be reversed for a left lateral curvature of the spine in the same region. It 
is constructed best on a plaster model made with the patient standing and 
the pelvis leveled. As much correction as possible is obtained by head 
traction and by three-point pressure against the lateral curvature. The 
front-lace celluloid base, molded over the iliac crests, grips the pelvis and 
buttocks snugly. All metal employed is surgical steel, except the soft 
iron tips which are used for the axillary crutches. Bar a (11/16 by 5/32 
inch) lies just to the right of the midline and is attached to the celluloid 
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Fig. 2 Fig. 3 

Fig. 2: The completed brace, constructed for a case with a partially flexible right 
thoiacolumbar scoliosis. 


Fig. 3 : Brace applied to a fifteen-year-old girl with a severe right thoracolumbar 
and left lumbar scoliosis associated with a spina bifida occulta involving four or five 
midthoracic vertebral segments. Some correction has already been obtained by pro- 
per construction of the plaster model, prior to active use of the three-point-pressure 
unit. 



Fig. 4-A 
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base by bands 6 (1 by % inch) and c 
(1 l /i by Vs inches). The latter, c, ex- 
tends just beyond the anterosuperior 
spine of the pelvis on the side opposite 
the convexity of the scoliosis to per- 
mit the attachment of a thigh piece 
when this is necessary. Free joints 
are present at x, and there are simple 
screw fixations at y to allow for ad- 
justments. As the lower lever of the 
movable V-shaped rod d (11/16 by 
Vs inch) approaches the fixed bar a 
through the adjustable bar e (11/16 
by Vs inch) , the upper and longer lever 
of d moves in an opposite direction. 

The efficiency of the short, lower lever 
is increased by the greater angulation 
between this arm and bar a. Move- 
ment of the upper lever of d away 
from the midline causes the large 
galvanized metal pad /, which is 
molded accurately over the apex of 
the scoliosis, to move towards the 
midline, as adjustable bar g (11/16 
by % inch) passes through a guide. 

At the same time it forces the curved 
bar h (11/16 by H inch) upwards as it 
glides within the guide i at the upper 
end of bar d. The axillary crutch j 
and the small galvanized metal pad k are so constructed as to exert pres- 
sure against the upper torso and to elevate the left shoulder. The axillary 
crutch l serves to hold the opposite shoulder backwards. The parts of 
the brace contacting the skin are covered with soft leather and are padded 
with white felt or lined with molecloth. 

Adjustment of bar e causes increased pressure against the apex of the 
primary lateral curve and contralateral pressure against the torso and 
beneath the opposite axilla. By adjusting bar g, these two forces may be 
activated independently. With the pelvis fixed within the celluloid base, 
the effect will be not only to diminish the scoliosis, but also to correct an 
ipsilateral transposition of the trunk, although when the latter deformity 
is severe it may be necessary to attach a thigh piece. Maladjustments as 
a result of growth are corrected by adjusting the length of bars a and d 
(these bars may be made excessively long initially or segments may be 
added), and by elevating the positions of bars g and h, guide i. and axillary 
crutch l. 



Fig. 4-C 


Right thoracolumbar scoliosis (idio- 
pathic), with transposition of the upper 
trunk to the right, in a thirteen-year- 
old girl. Anteroposterior roentgeno- 
graphic views show condition before ap- 
plication (Fig. 4-A); after application 
of the unopened brace (Fig. 4-B) ; and 
one year after the use of the active 
three-point-pressure unit. A celluloid 
jacket has been applied to maintain the 
correction of approximately 25 degrees 
in the primary lateral curve. 
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A METHOD FOR MAINTAINING THE CUT EDGES OF 
SPLIT AND BIYALYED CASTS IN ACCURATE APPOSITION 


BY R. CLAYTON ROUNDS, M.D., DENVER, COLORADO 
From the Children’s Hospital, Denver 

Adhesive tape or cloth straps are commonly used to maintain in 
apposition the cut edges of bivalved and split casts. However, where it is 
necessary to remove the cast frequently to exercise or massage the im- 
mobilized part, adhesive closure becomes a messy, expensive procedure. 
Cloth straps, although inexpensively and rapidly applied, frequently fail to 
maintain the sections in good approximation and produce overlapping or 
telescoping of the cut edges. The following method eliminates adhesive 
and cloth strapping, and maintains the cut edges of the cast in accurate 
apposition. 


TECHNIQUE 

Two plaster splints, four by fifteen inches, are folded longitudinally 



Fig. 1 

Photograph illustrating method of 
preparing boot-hook strips. 
a: Hard-coated, rapid-drying plaster 
splints. 

b: Splints folded longitudinally. 
c: Webbing reinforcement. 
d: Webbing inserted and holes punched 
to receive boot hooks. 
e: Finished strip. 


Fig. 2 

Plaster body jacket split and laced. 


along the midline over a webbing 
or canvas strip three-fourths inches 
wide, as shown in Figure 1. Ho e» 
are then punched at two-inch inter 
vals along the folded border about 
one-half inch from the edge. Through the punched openings nic 
plated boot hooks are inserted and cinched in place. When neec ec , 
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Fig. 3 


Bivalved leg cast with anteiior and posterior shells laced together. 

entire strip or as much as desired is dipped in water and applied to the 
moistened and roughened cast and rubbed well to eliminate all air bubbles 
and insure permanent union of the hook strip to the cast. A second strip, 
having the same number of hooks, is applied in a similar manner to the 
other section of the cast with the hooks opposite each other. The plaster 
is then allowed to dry thoroughly, preferably for twenty-four to forty-eight 
hours before the lacings are applied. 

COMMENT 

Although the hooks may be applied to any type of cast desired, the 
method has been used to best advantage in the apposition of the edges of 
split casts (Figs. 2 and 3) and, in particular, split body jackets. It has 
also been very useful in fixing and maintaining the position of bivalved 
arm or leg night shells in young and active children. It is important that 
the plaster be perfectly dry before the lacing is applied, for if applied too 
early there is a tendency for the plaster to crack about the hooks, and 
loosening may occur. 

At the Children’s Hospital, where this method has been in use for 
about ten months, the boot-hook strips are prepared by the older patients 
in the Department of Occupational Therapy, and a supply is kept on hand 
in the plaster room to be available when needed. 


\ OI.. XXII. XO. 4, OCTOBER 1940 



ACCESSORIES FOR WEDGING PLASTER JACKET IN THE 
TREATMENT OF SCOLIOSIS 


BY C. W. GOFF, M.D., AND J. H. ALDES, M.D., HARTFORD, CONNECTICUT 


From the Newington Home for Crippled Child) en, Newington, Connecticut 


Pragmatism should govern the orthopaedic surgeon in his treatment 
of scoliosis, a costly deformity both to the patient and the surgeon. To cut 
down this burdensome process to a minimum, the following steps have 
been developed over a four-year period, during which the turnbuckle and 
w edging plaster jacket, as described by Smith, Butte, and Ferguson 1 has 
been used in the corrective treatment of scoliosis. No attempt will be made 



Fig. 1 

Hardware modifications, a: Goldthwait frame with head support, h. 
Demonstrates use of frame to steady head during incorpoiation of patiei 
plaster jacket, c: Duralumin hinges drilled to take two-inch stove 
d: Removable holders. Note how the parts aie separated; flanged P° r 
incorporated m plaster and turnbuckle attachments bolted on when P Ja , 
cut, after three to five days’ drying, e: Tumbuckles, ends bent ant 
for bolts 
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to quote the voluminous literature or to go into the theory of treatment. 
This is a personal report of practical points found useful and effective. 
Posture pictures are taken before treatment is begun, and, again, 



Fig 3 

Fust jacket is applied over felt garment as shown. Extra heavy felt pads 
are placed over bony pionunences and beneath hinges, as well as two oblong 
pads on the side away from the turnbuckle. These pads (a and b ) aie re- 
moved when plastei is wedged and befoie conection is begun. Note longi- 
tudinal felt stop under chm and pad under occiput. Goldthwait frame uith 
modification is used to support head during application of jacket 



Fig. 4 



Fig. 5 


Fig 4. Completed plas- 
ter jacket is painted "ith 
white duco and the mar- 
gins are neatly taped- 
Coirection is progressing 
with comfort to the pa- 
tient. 


ig. 5: Plaster has been 
away under the ft'UU 
a special sling su 1 
:d w inch is attached to 
front and back hinge 

ts. Maintenance oi 
retired. 
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Fig. 6 

Roentgenogram showing marker to locate apex of primary curve for placing 
hinges. 


after it has been completed (Figs. 2- A and 2-B). These are taken through 
a thread screen. 

Roentgenographie studies are made with the patient standing in 
several positions, or sitting with a two-inch block under alternately the 
left and right buttocks, to determine the location, extent and correetibility 
of the primary curve at onset of treatment, and to show the strength of 
fused area after treatment has been completed. 

Hardware modifications that have proved their worth consist of dur- 
alumin hinges with two-inch stove bolts, incorporated in plaster, on each 
side of rivet. The nuts are tightened to fix the hinge securely to the 
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jacket walls. Such a hinge does not pull out under corrective leverage. 
The attachments for the turnbuckle are in two parts which are bolted to- 
gether as illustrated with the flanged portion embedded in plaster, and the 
protruding piece bolted on later for security. Turnbuckles are bent at 
their ends and drilled to take a small bolt. 

The Goldthwait frame is modified to include an extension which will 
hold the head, during the application of the jacket, toward the side on 
which the turnbuckle is to be placed (Fig. 1). 

A thin felt garment is cut and fitted to patient over cotton stockin- 
ette, and is padded over all prominent parts, especially beneath both 
hinges and on the side away from the turnbuckle. These last two 
pads are removed when plaster is cut, and before correction is begun. 
This additional space allows the thorax to push into that side and helps 
correct the gibbosity. A strip of felt placed longitudinally under the chin 
gives great comfort to the patient (Fig. 3). 

Including the thigh in plaster on the side of the turnbuckle has re- 
duced pressure sores to a minimum, and has appeared to be more efficient 
than including the opposite thigh. Thus the pelvis is fixed where leverage 
and pull are greatest. After cutting and trimming, jackets are taped 
about the margins. This is followed by a coat or two of white duco paint 
to preserve the plaster (Fig. 4). 

Plaster against the thorax beneath the axilla on the side opposite the 
turnbuckle gave rise to many complaints until a sling was substituted 
toward the latter half of the correction period. The sling is made of sub- 
stantial webbing covered with felt and stockinette, attached to the jacket 
with leather tabs, and buckled iti front. The ends of the sling are fas- 
tened to the bolts of the upper arm of the hinges through a grommet in 
leather tabs. This sling has proved its worth beyond that of any other 
modification improvised (Fig. 5). 



Fhj. 7 

Jacket is fenestrated to expose area for fusion. In this illustration, patient 
has had the first stage of fusion of five dorsal vertebrae and is awaiting tne 
ond stage of fusion. Turnbuckle is left in place for additional support. 
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Fig. 8 

Roentgenogiam showing non side bais, fenestrated jacket, and hypodermic 
needle with a portion cut off (at arrow) in eighth doisal vertebral spinous 
process. This permits easy identification of vertebrae at time of fusion. 

The hinges should be placed just off midline and directly over the 
apex of the curve to be corrected This was most difficult to accomplish 
with accuracy. To aid in placing the hinges, a strip of steel, notched at 
inch intervals, was placed at the tip of the chin over the anterior chest wall 
extending toward the xiphoid. A roentgenographic plate was exposed 
for an anteioposterior view, and the point of the apex of the curve was 
easily determined. This same strip then is used to locate hinges at the 
time of application of the jacket (Fig. 6). 

The back of the jacket is cut out between strips of soft strap iron 
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which have been bent and incorporated in the plaster to reinforce the sides. 
Fenestration of the back of the jacket permits easy access for operative 
fusion (Fig. 7). A No. 22 hypodermic needle is driven through the 
cleansed, anaesthetized skin of the back, into the spinous process of a 
vertebra near the apex of the primary curve. This affords a ready identi- 
fication of the vertebrae at time of fusion (Fig. 8). 

The first jacket, applied the third month after fusion, is of plaster, as 
may well be the second jacket. The first jacket has supports over both 
shoulders and is applied on the Goldthwait frame. The second jacket is 
applied erect with head traction. The final jacket is of celluloid, and is 
worn for one year. This is made of six layers of stockinette or eight 
layers of crinoline, with two coats of celluloid between layers. Hooks 
are sewed up the front, and the jacket can be removed for bathing, etc. 

The average patient in the first series of twelve cases was hospitalized 
for fifty-five weeks at a cost of $1050. The next twelve averaged sixty- 
two weeks in hospital at $1200 and the third series fifty weeks at $950. 
Time for correction has been cut down gradually, and, as we approach our 
fiftieth case, we can anticipate a hospitalization of forty-six weeks at a cost 
of $870, which is within reason. This does not include cost of precorrec- 
tion treatment, or treatment rendered after the child has been discharged 
from the hospital. 

1. Smith, A. DeF.; Butte, F. L.; and Ferguson, A. B.: Treatment of Scoliosis by 
the Wedging Jacket and Spine Fusion. J. Bone and Joint Surg., XX, 825, 1938. 
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NEW ISCHIAL SEAT BRACE FOR ELIMINATION OF 
WEIGHT-BEARING 

BY HENRY H. JORDAN, M.D., NEW YORK, N. Y. 

Move than half a century ago E. G. Brackett improved the Dowse 
splint for the lower extremity by using a “perineal band”, consisting of 
three adjustable leather straps, for transmission of weight from the pelvis 
to the ground. This successful construction was recently rediscovered 
by H. v. Baeyer who, in 1937, described the following modification of 
the same principle. The new leather-strap ischial seat has considerable 
advantages for both the patient and the bracemaker, and is, therefore, 
recommended for general use in a wider variety of conditions calling for 
the elimination of weight-bearing. 

The leather-strap seat transfers the body weight from the tuber 



Fig. 1 
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ischii and the lower ramus of the ischium to the lateral upright longitu- 
dinal bar of a double-bar leg brace; thus the construction differs in two 
important points from the other known “ unweigh ting” braces. First, a 
soft leather strap replaces the rigid, and necessarily more bulky, ischial 
seat of the Thomas ring, or the Hessing brace, or the Galland type of 
construction. On standing and walking, the tuber ischii rests securely in 
the leather loop which naturally conforms to the shape of the body and 
causes no irritation at the perineum. This is still more important for 
the sitting position which, with any one of the rigid seat constructions, 
means considerable discomfort. Moreover, the introduction of a leather 
strap as a weight-transmitting seat makes the building of this type of brace 
much easier. 

The second feature wherein the leather-strap seat brace differs from 
other constructions is the suspension of the weight at the proximal end of 
the external longitudinal bar at a level above the trochanter. This calls 
for great strength of just one bar, while the other elements of the brace 



Fig. 2 
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Fig. 3 


Unilever Double-lock for Ischial Strap-seat Brace 



Fig. 4 


may be rather light. The medial upright ends far below the peri- 
neum, and the proximal semicircular band connecting the two uprights 
may run far below the gluteal fold. The support of the body weight by 
the seat strap introduces a force which tends to keep the brace the closer 
to the body, especially in the region of the trochanter, the more weight is 
placed on the seat. This makes auxiliary forces, such as a pelvic band, 
superfluous. 

The leather-strap seat lends itself to practically every type of brace 
construction one might select for the needs of the individual patient. In 
its most primitive form the ischial strap-seat brace may be built as a 
jointless brace with a patten (Fig. 1). The ischial strap seat may be 
incorporated into any double-bar leg brace with ankle joint and stirrup 
or sandal, provided there is a lock at the knee joint (Fig. 2). 

Pressure of the strap on the adductor muscles can be avoided by 
adding to the proximal end of the medial upright a rectangular bar. One 
end of the leather strap is riveted to its horizontal arm (Fig. 3). 
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After the patient has worn the brace for some time, it is possible to 
trim the trochanteric pad as much as two inches without losing its “un- 
weighting” effect. Where skilled labor is available, and the expense is of 
minor importance, the brace may be built with a trochanteric lock joint. 
For this purpose a unilever double lock was designed by W. Tosberg, 
which is a modification of the joint known in the literature as the 0. I. 
(Orthopaedische Industrie ) knee lock joint. The small lever which op- 
erates the knee lock simultaneously operates the lock for the trochan- 
teric joint, and on sitting down the hip and the knee joint may be flexed 
in a normal manner (Fig. 4). 

The development of the ischial strap-seat brace into an appliance 
which is inexpensive, easy to manufacture — if necessary within one day — 
and guarantees an efficient “unweighting” of the lower extremity without 
the usual discomfort to the patient, has widened the field for its use. 
The simplest form of the strap-seat brace has proved extremely satis- 
factory in a series of cases of slipped femoral epiphysis, especially when 
applied in the so-called preslipping stage, and in Perthes’ disease. The 
more elaborate double-bar leg brace with the strap seat and lock joints 
has been successfully used in the treatment of patients with arthritis of 
the hip joint, chiefly the unilateral malum coxae senilis. Another group, 
for which this brace may be recommended, are the aged patients with 
fracture of the neck of the femur. 

The ischial strap-seat brace is equally useful when the lesion requir- 
ing treatment is at the knee or foot section of the leg. 

SUMMARY 

An ischial seat brace for “unweighting” the lower extremity intro- 
duces a leather-strap seat. The new construction principle simplifies the 
manufacture and fitting of an ischial seat brace, eliminates various known 
causes of discomfort to the patient, and thus widens the field for the use 
of an ambulatory orthopaedic appliance. 
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A GUIDE FOR DRILLING UNUNITED FRACTURES 

BY PETER G. SHIFRIN, M.D., DETROIT, MICHIGAN 

The operation of drilling multiple drill holes across a fracture line 
for delayed healing or non-union has met with sufficient success to remain 
as a permanent procedure in the armamentarium of the surgeon. How- 
ever a few technical details have always been a source of annoyance in 
carrying out this procedure. One is that unless the puncture incision is 
made large enough, the drill, especially a motor drill, injures the skin 
edges. If the incision is large enough, say one-half to three-fourths inch, 
retraction by an assistant with small retractors is clumsy, particularly if 
direct fluoroscopic observation is undertaken at the time the drill is trav- 



ersing the fracture line. Another point of difficulty encountered is, after 
one or two divergent holes are made from one starting point, it is hard to 
start more diverging channels from the same point, since the drill tends to 
slide into the previously made channels. 

The instrument here presented (Fig. 1) overcomes these difficulties 
with remarkable success. It consists of a tempered steel tube of one or 
one and one-half inches in length, and one-fourth inch in diameter on the 
outside, which will admit with slight play a three-thirty-seconds-inch drill 
bit. The upper end ( B ) of the tube is slightly beveled on the inside; the 
lower end (A) consists of three sharp prongs, beveled from the inside. 

Its use is simple. After infiltrating with local anaesthetic a small 
area above and below the line of fracture, down to the periosteum, quar- 
ter-inch stab incisions are made. End A of the instrument is inserted 
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through the wound to the bone surface. With the instrument held at 
whatever angle of inclination is desired, a firm tap with a mallet over end 
B will engage the prongs. The direction may now be checked under 
a fluoroscope. The instrument is held with the left hand, while the right 
hand operates the electric drill; or the instrument is supported by an 
assistant if a hand drill is used. The guide is now disengaged, the direc- 
tion changed, and the procedure repeated. 

Ordinarily the one-inch tube is sufficiently long to reach through the 
soft tissues to the bone; however, on femora, and in other locations on very 
muscular or fat individuals, the one-and-one-half-inch tube will be required. 
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SELF-ILLUMINATING PATELLA RETRACTOR 

BY MILTON C. COBEY, M.D., WASHINGTON, D. C. 

An excellent view of the knee joint, as well as its illumination through- 
out, is obtained by the use of a knee retractor, made from lucite and 
modeled from a steel patella retractor originally designed by George E. 
Bennett, M.D., Professor of Orthopaedic Surgery, Johns Hopkins Hos- 
pital. 

The retractor is so constructed that it easily slides under the articular 
surface of the patella, and conforms to this surface in such a manner that 
it does no harm. In this position the retractor holds the patella upwards 
and laterally or medially as desired, thus adequately exposing the articu- 
lating surfaces of the knee joint and of the quadriceps pouch. 



Fig. 1 


Lucite allows the passage of light throughout its entire length. Forty 
per cent, of the light is given off at the elbow, and CO per cent, at the end of 
the retractor. The cord, bulb, and adaptor of the light outfit are boilable. 
However, as lucite softens and cracks after several boilings, the retractor 
is rendered aseptic best by cold sterilization. Bacterial studies have 
shown that cold sterilization is satisfactory and quite safe. The material 
is not easily broken, and has an added advantage over glass, — under strain 
it will bend before it breaks. However, under normal use in an operation 
upon the knee, there is no excuse for the retractor to bend. 

This illumination of both the medial and lateral surfaces of the joint 
from the incision affords a clear visual examination of the articular surfaces 
and quadriceps pouch. It is particularly useful in exploring a joint for 
loose bodies, foreign bodies, and the cartilaginous plaques of osteochon- 
dritis dissecans. It is also most valuable in synovectomies through the 
utility type of incision, particularly in making visible the synovial mem- 
brane on the far side of the wound. 
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186S-1940 

Dr. Albert H. Freiberg died in Cincinnati, July 14, 1940, after an illness of two 
weeks. He was born in Cincinnati, August 17, 1868, the son of Joseph and Amalia 
Fi eiberg. He is survived by his wife, who was J eannette Freiberg, and two sons, Joseph 
A., w ho was associated with him in his practice, and Albert M., who is an attorney. 

He was a graduate of the University of Cincinnati and of the Medical College of 

10 which later became the Medical College of the University. After his internship at 
the Genera 1 Hospital he spent considerable time abroad, studying at the universities 
of u urzburg, Strasbourg, Berlin, and Vienna. On his return to this country in 1893 he 
began practice in Cincinnati, and, as was the custom in those days, he began with general 
work but his aim always led him toward specializing in orthopaedic surgery. 

Dr. Freiberg always took an active part in the affairs of his profession and was a 
member of the American Medical Association, the American Orthopaedic Association, 
the Chmcal Orthopaedic Society, and a Fellow of the American College of Surgeons and 
°1 the American Academy of Orthopaedic Surgeons. He was also active in local medical 
allairs. He was President of the Ohio Medical Society, 1929-1930; the Cincinnati 
. Ca ern ^' ° ec bcine, 1923-1924; and Chairman of the Orthopaedic Section of the 
mencan i edical Association, 1917-1918. Dr. Freiberg played an important part in 
m ns a > is ment of orthopaedic surgery in his city and state, and the,’ present position 
< ’ in lopae ic surgery in that community is largely due to his influence and the result of 
' e ' vas Chief of the Orthopaedic Service at the Cincinnati General Hospital, 
at e u ten s Hospital, and at the Jewish Hospital while in active practice, and con- 
inuer to scive as consultant at these hospitals. At the time of his retirement from the 
- mu o i thopaedic Surgery at the Medical College of the University two years ago, he 
vas made Piofessor Emeritus. During the World War he served as Major in the Medical 
orps Lnited States Army, and was Chief of the Department of Orthopaedic Surgery 
at U alter Reed Hospital at that time. 

Di . I< i eiberg always took a special interest in the affairs of the American Orthopaedic 
Sbociation, particularly in its development, to the end that it might be an important and 
m uential factor in establishing and maintaining a high and dignified standard. He was 
President of the Association for the year 1910-1911 and always took an active part in the 
scientific and administrative proceedings of all of its meetings, and served on many im- 
portant committees. In the executive meetings Dr. Freiberg was frequently consulted 
on matteis of parliamentary law. His mind was keen and analytical, his judgment fair 
an tinged u ith kindliness. He was a splendid speaker and his tongue had no barb. He 
was influential in debate and frequently turned the discussion toward a correct and wise 
. ec ^ s * on - His honesty and good sense added weight to his opinions. He took a prom- 
inent pait in its scientific sessions and the Association always looked forward to his 
communications as being of value for they indicated the result of his experience and ex- 
cel ent judgment. His position was always foremost in the advance line of progress. 

He was an active contributor to medical literature. He showed a good deal of 
originality, and was always foremost in aiding advancements which came to orthopaedic 
surgery through the enlargement of the field of surgery resulting from the advent of 
antiseptic surgery. He kept in close touch with the departments of medicine other than 
that to which he devoted his life, and he did this on principle as part of his eager quest 
for knowledge, which was evident in his clear sense of values and breadth of grasp. Has 
consideration of all sides of any problem gave weight and confidence to his decision. 

He always gave much of his time and thought to the problem of rehabilitation oi 
crippled children, and was one of the first members of the profession to advocate state ai 
for their care. He accomplished a great deal in interesting the community and aho ot icr 
states in the solution of this problem and in the establishment of legislation for state ai 
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He was Chairman of the Advisory Committee on Crippled Children of the Childien’s 
Bureau, United States Department of Labor. 

Dr. Fieiberg was a man of broad interests, not wholly confined to medicine. He 
always took time to occupy himself with affairs outside of his profession, and had the 
courage to give himself opportunity for the expression of his love of music, in which he 
was proficient, and for many years he played weekly with his orchestra. He was also 
interested in education and art and was a member of many committees and societies. 
The finer influence of the arts was evident in the sum total which gave to him his distinc- 
tive qualities. 

His contribution to the social gatherings of the Association was a prominent and ex- 
pected feature. He will be greatly missed and will always be in our memory. 
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1863-1940 


Dr. Augustus Thorndike died suddenly on August 23, ] 940, at his summer home in 
Bar Harbor, Maine, at the age of seventy-seven years. His wife, the former Alice 
Amory of Boston, whom he married in 1892, died two years ago. They had five children, 
who sur vive him: Mrs. Lyneham Crocker, Mrs. Alexis Sommarina, Dr. Augustus Thorn- 
dike, Jr., Charles Thorndike, and Robert Amory Thorndike. 

He had devoted the entire period of his medical career to orthopaedic surgery and 
contributed frequently to the orthopaedic literature. He was the author of “A Manual 
of Orthopedic Surgery” which was adopted for use in many medical schools. 

Dr. Thorndike became a member of the American Orthopaedic Association in 1893, 
was in regular attandance at its meetings, and interested himself in its administration 
and scientific proceedings. He served as its President for the year 1909-1910, presiding 
at the Annual Meeting held in Washington, D. C., and continued to take an active 
interest in its affairs. The welcome accorded him at the Association meetings was evi- 
dence of the high esteem in which he was held by all the members. 

He was born in Paris, but received his education in the community in which lie 
always lived. He was a graduate of Harvard College in the Class of 1884, and of 
Harvard Medical School in theClassof 1888. After finishing his earlymedical education, 
he served as an Intern on the Surgical Service of the Massachusetts General Hospital, 
and later was Intern at the Boston Lying-In Hospital and at the House of the Good 
Samaritan. 

After completing his preliminary training, he established himself in the practice of 
medicine in Boston, and from the first he occupied himself with the problems of ortho- 
paedic surgery. During the time of his service at the House of the Good Samaritan he 
became interested in the special care necessary in the treatment of the crippled child. At 
that time a large proportion of the cases were tuberculous, and, because of the fact that 
hospital equipment was then meager, these children required a great deal of careful at- 
tention and personal supervision from those who were in surgical charge. From the 
beginning of his work in this Hospital, Dr. Thorndike showed his capacity for conscien- 
tious care and his sympathy for these children, which were demonstrated by the success 
which he had with these difficult and protracted cases. He was also visiting surgeon in 
the Orthopaedic Department of the Boston Dispensary and at St. Luke’s Home foi 'on 


valeseents to which he gave freely of his time and effort. 

During the entire period of his- active practice, Dr. Thorndike served as a mem ie> 
of the Staff of the Boston Children’s Hospital. It was this institution to which ie 
voted the greatest amount of his time and energy. Such a service, at that time, to re 
performed faithfully, required devotion and sacrifice of personal interests, and his con^ 
tribution to this Hospital was a very prominent feature. It was characteiized J 
unusual dependability and by his careful and painstaking attention, not onl\ to 
surgical care of the children but also to their general interest, and he was untiring m 


efforts to bring the best to this group of children. , . •. > 

Dr. Thorndike was always especially interested in the problem of the cripp e c ^ 
and occupied himself very largely with its solution, — not only as to medica ant 
care, but toward providing opportunities to offset the loss of those advantages o ' 
they were so often deprived because of their infirmities. He was particular m ere- ^ 
also in the provision for their education and for manual training, to be given ' u ^ ^ 
object of fitting them for some gainful occupation. He was one of the incoipoia ^ ^ 
the Boston Industrial School for Crippled Children and served as a mem ei i « 
of Directors as well as of the medical Staff during the early period of its e~ a > rt 

and he was influential in the conduct of its affairs in its later grow th. e a • ° 
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in the establishment of the State Hospital School foi Children at Canton which i\a- 
oigamved some few yeais aftei the mcoipoiation of the School foi Cnppled Childien 
He was a membei of the Ameiican Medical Association, a Fellow of the Amencan 
College of Suigeons, and also an active membei of many societies in In- community , — 
the Massachusetts Medical Society, the Society of Medical Science.-, and the Bo-ton 
Medical Benevolent Society He was also intei ested in the Bo-ton Medical Libiaiv 
Di. Thorndike’s helpful attitude tow aid his associates, and particularly with hi- 
cowoikeis, was an outstanding featuie of In- chaiacter, and he gave freely of lnm-elf 
He was just in hi- estimate of people, fiee from criticism, and toleiant tow aid the opinion- 
of otlieis He was a good fnend and had a philosophy of life that diew all to him 
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News Notes 


Word has been received of the death of Mr. It. C. Elmslie, of London. A more 
extended notice will be included in the next issue of The J ournal. * 


The Annual Meeting of the British Orthopaedic Association will be held in Liver- 
pool on October 25 and 26. • 

Dr. Austin T. Moore announces the opening of The Orthopedic Hospital and the 
Moore-Green Clinic at Gervais and Pickens Streets, Columbia, South Carolina. 

The Annual Roll Call of the American Red Cross to enlist members for 1941 will 
be conducted throughout the nation from November 11 to 30, 1940. 

The Annual Meeting of the Orthopaedic Guild will be held in New York City, 
November 1 and 2, under the chairmanship of Dr. Robert L. Preston. 

The next examination of the American Board of Orthopaedic Surgery will be 
held at New Orleans in January 1941, just preceding the meeting of the American Acad- 
emy of Orthopaedic Surgeons. Applications for this examination must be filed with the 
Secretary, Dr. Fremont A. Chandler, 6 North Michigan Avenue, Chicago, Illinois, on oi 
before November 15, 1940. 

The Buckeye Orthopaedic Club of Ohio w'as formed in Cincinnati on Maj lk 
The Club plans a meeting each year at the time and place of the Ohio State Met ica 
Society meeting, to consider matters of interest to orthopaedic surgeons of the State an 
to participate in a clinical day. Dr. Albert H. Freiberg was elected the fhst Pi esi en , 
and upon his death in July he was succeeded by Dr. Burt G. Chollett. The Secretary o 
the Club is Dr. Edward Harlan Wilson of Columbus. 

The Ninth Annual Convention of the American Academy of Orthopaedic S 
geons will be held in New Orleans, Louisiana, January 12 to 16, 1941, under ie 

dency of Dr. Robert D. Schroek. . • r 13 will 

The first day will be devoted to committee meetings. Monday, Januaiy ' 
be a Clinical Day arranged by Dr. Guy A. Caldwell and his committee. 1C P ^ 
for Tuesday, January 14, includes a discussion of new procedures in 01 1 lopaecic^^ 
ment at the morning session, and, in the afternoon, papers on bone tumois. ^ 11 ^ 

day morning the papers will deal with the progress in orthopaedic surgery • ■ 
afternoon will be devoted to the consideration of fractures. The scienti c pr° 
continue until Thursday noon when the second executive session "ill ie ie 1 . 0I1 

Guest speakers at the Meeting will include Dr. Murray Copeland " o " ‘ - ^ j )(J 
“The Classification of Bone Tumors”, and Dr. Alton Ochsner " io=e su >je 

“Thrombophlebitis”. . The Journal 

A complete program of the Meeting will appear in the Januarj issue 
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Principles op Surgical Care. Shock, and Other Problems. Alfred Blalock, M.D. 

St. Louis, The C. V. Mosby Company, 1940. S4.50. 

The regulation of circulation, including blood pressure and cardiac output, has for 
nearly fifteen years been subjected to critical study, both in the laboratory and in the 
hospital, by Dr. Blalock and his associates. Out of these studies has been evolved a 
most complete theory, supported by accumulated data, by which surgical shock might 
be explained, prevented, or successfully treated. 

The results of these studies are reported in this very interesting and instructive 
monograph of 30S pages. In this monograph Dr. Blalock has discussed anaesthesia, 
surgical technique, the circulatory system, shock, and fluid and electrolyte balance. In 
the latter chapters Dr. Blalock has included a review of nutritional disorders, diabetes, 
hypertension and nephritis, endocrine disorders, and pulmonary or abdominal post- 
operative complications. 

The physician who devotes any considerable portion of his time to surgery, owes it 
to himself and to all of his future patients, to provide himself with the knowledge, or at 
least the source book of knowledge, which will make him more alert to detect, prevent, or 
treat any or all of the multitudinous complications which may follow an operation. For 
those who wish to so fortify themselves, this book is specifically recommended. 

Surgery of the Hand. Wounds, Infections and Closed Traumata. A Book for 

the Practitioner and the Surgeon. Marc Iselin, M.D. Translated by T. M. J. 

d’Offay, Ch.B., F.R.C.S., and Thomas B. Mouat, Ch.M., F.R.C.S. Philadelphia, 

The Blakiston Co., 1940. So. SO. 

This is the first edition of the translation into English of a book, written by a French 
surgeon, which has reached its third edition in France. 

It is a very detailed study of every pathological condition of the hand and fingers. 
The minutest details of the anatomy, physiology, and pathology of each condition are 
given with illustrative case histories. There are many excellent drawings and a few 
photographs. 

One gains the impression that some of the treatment advised is too detailed and ex- 
acting to be used by the average practitioner. For instance, the only treatment advised 
for a subungual hematoma is bilateral incision along the nail bed, and removal of all the 
nail raised by the hematoma, — exactly the treatment advised for a subungual whitlow. 
However, the author emphasizes the necessity of thorough attention to what may appear 
to be minor injuries, but which may be disabling for long periods of time. 

One of the translators calls attention to the true use of the word “debridement”, 
which means “enlargement of the wound”. This treatment was first advocated in 17S9, 
before the days of anaesthesia, and then the term did not refer to the procedure now 
associated with the word, — namely, excision of devitalized tissue. 


Orthopadie uxd Kinderheilkunde. In ausgewahlten Iyapiteln (Orthopaedics 
and Pediatrics, with Selected Subjects). Prof. Dr. Max Lange. Supplement to 
Archie fur Kinderheilkunde. Stuttgart, Ferdinand Enke, 1940. 

This interesting seventy-five page supplement to the Archie fur Kinderheilkunde is 
truly a short cut to children’s orthopaedics. The diagnostic material is excellent. The 
treatment follows the dictates of the Lange school, which is at considerable variance with 
American treatment. There is no attempt to include any new material. The booklet 
has little of interest to orthopaedic surgeons but should prove valuable to pediatricians 
for whom it is intended. 
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Synopsis of the Principles of Surgery. Jacob K. Berman, M.D., F.A.C.S. St. 

Louis, The C. V. Mosby Co., 1940. $5.00. 

As its title implies, this new volume is not so much a description of surgical diseases 
or an exposition of surgical operative techniques as it is a discussion of the correlation 
of the basic sciences with the fundamental principles of surgery. After a brief review of 
the history and methods of surgery, it outlines the practical applications of embryology, 
anatomy, histology, bacteriology, and pathology, and discusses the general aspects of 
local, specific, and systemic infections. Most important of all, it explains the rela- 
tion of biochemistry and physiology to the understanding of anoxia, shock, hemorrhage, 
endocrine dysfunction, and subhydration, and to “the proper evaluation of such states 
as acidosis, alkalosis, tetany, and calcium imbalance”. The brief chapter on acid-base 
balance may particularly be cited as an admirable example of this type of discussion. 

Naturally in a volume relatively so small (615 short pages) and with so wide a field 
of survey, the descriptions of the surgery of the various body systems is extremely con- 
densed. The chapter on the skeletal system, for example, is by no means a complete 
treatise on orthopaedic surgery, nor is that on the reproductive and urinary systems an 
adequate presentation of gynecology and urology. These facts, however, are not faults, 
but are inherent in the purpose and scope of this admirable work. Especial praise is 
due also to the excellent illustrations, 274 in number, and to the selected references 
which are appended to each chapter and which should inspire the student and the prac- 
tising surgeon to further and original study. 


Studien uber 111 Nachuntersuchte Falle von Calcaneusfrakturen untek 
besondereu Berucksichtigung der Gelenkschaden zwischen Talus uxd 
Calcaneus. (Follow-up Studies of 111 Fractures of the Os Calcis.) Albert 
Ahlberg, M.D. Goteborg, Elanders Boktryckeri Aktiebolag, 1940. 

This monograph is devoted to the follow-up study of 111 out of a total of 160 os 
calcis fractures seen between 1925 and 1937. All of the patients were personally re- 
examined by the author. The results of these examinations have been studied with most 
meticulous attention to almost all the problems which might arise in the mind of any 
surgeon. All controversial problems concerning the methods of therapy are discusser 
in detail. In general, the author favors the closed method of treatment in fresh fractures. 
He notes that in severely comminuted cases anatomical reposition is not to be expectec , 
even by the methods advanced by Bolder. However, it is pointed out that this is not the 
invariable prerequisite of good function. Cases in which only fair reposition has been 
accomplished may have good function, while, on the other hand, those with excellent 
reposition might have marked disability. In the old cases, subastragalar fusion is iec 
ommended for those presenting symptoms of dysfunction. 

It would be fruitless to attempt to abstract the information contained within t ns 
volume, which is replete with the facts and figures of the most intelligent and painsta '»>» 
work. In addition to a large and carefully chosen list of references, the histories of a ie 
cases studied are included. f , 

This volume probably presents by far the most critically analytical studj o ca^ 
caneum fractures which has yet appeared. No one interested in the subject can a or 
to neglect this excellent treatise. 


Graduate Medical Education. Report of Commission on Graduate Medical 
tion. Chicago, Chicago University Press, 1940. . 

The methods for promoting graduate' education are discussed in the 'ommi. 
report from three points of view: that of the intern, the resident, and the piucti loner a ^ 
has been out of medical school for a few years and settled in a countrj or sina 

Two influences are operating in these times to emphasize the need for opport 
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lot giaduate instt uotion, — namely, the extiaoidinanly nipid advances being made in 
biochemistn , phxsiologj , chemotheiapy, and immunology, and the effoits of the vanous 
specialties to msuie the public against inadequately piepaied specialists by lequnmg 
those desiious of entei nig a special line of piaetice to pass a 1 lgid examination, aftei spend- 
ing a jeai 01 two in advanced studies m the basic sciences and fiom tv o to five 3 eais in a 
hospital lesidency This lattei lequnement applies, without much modification, to the 
individual u ho has spent a few x eais m geneial piactiee and decides to entei a specialty 
Xo one can denj the advantages and satisfactions to the individual that such a piogiam 
offeis Ovei against this must be set the aheady manifest tendency foi those who have 
fulfilled the almost compulsoi v lequnement of a hospital internship, to supplement that 
-eivice by a lesidency, mespective of whethei they plan to entei geneial 01 specialized 
piactiee This will delay then engaging in gainful piactiee until aftei they aie beyond 
tlintx yeais of age 

Foi the individual w ho has established himself in piactiee and w ishes to keep abieast 
of the advances in medicine but finds it difficult, if not impossible, to give up time to 
\isit the laige medical centeis foi intensive postgiaduate study, many of the State Soci- 
eties aie cairying out piogiams which ate biought to the physician’s dooi, tlnough co- 
opeiation of medical school faculties, libranes, and local hospitals 

This lepoit piovides food foi thought to those concerned about as well as those who 
aie concerned with medical education 


M xx uxl op Graduate Training i\ T SunGrR\ Chicago, Amencan College of Suigeons, 
1940 

Puisuant to its aim of t Rising the standaids of suigeiy, the Amencan College of 
suigeons has published a twenty-foui -page “Manual of Giaduate Tiaimng in Surgei y 
in which aie incoi pointed the lequnements foi its appioval of piograms of training in 
geneial suigery and the suigical specialties in hospitals of the United States and Canada 
The Manual is the outcome of ten yeais of study of educational piogiams m suigen 
by the Boaid of Regents and seveial committees of the College In 1937 a Committee 
on Giaduate Tiaimng m Suigeiy was established, undei whose diiection the field staff of 
the College peisonally suiveyed a selected gioup of hospitals in connection with the woik 
of the Hospital Standaidization Department Based on the findings of those suivevs, 
‘Fundamental Pnnciples and Cnteua” were developed which have been applied m 
the evaluation of plans foi giaduate tiaming in suigery 

The Minimum Standard foi Giaduate Tiaming in Suigeiy which is included in the 
new Manual compiises five clauses, concerned with (1) duiation and objective of the 
piogiam, (2) oigamzation and supei vision, (3) basic medical sciences, (4) clinical 
matenal, and (5) oigamzed study 

Under the lequnements, an acceptable piogiam lequnes a minimum of two and 
pi efei ably three oi moi e yeai s of training in sui gei y , bey ond at least one y ear of general 
internship Such piepaiation is now necessaiy m ordei for an applicant for fellowship 
m the Amencan College of Suigeons to meet the qualifications in respect to tiaming 
Di Dallas B Phemistei, Depaitmentof Suigen, Umver-itx of Chicago School of 
Medicine, is chan man of the Committee 


Mvovioma (SixovhlomO op the Foot Report or \ Cxst William C Black 
The Amencan Journal of Cancer, XXXIX, 199, June 1940 

A sj novial tumoi of the foot is descnbed It is thought to be benign and of bur-al 
ongin The tumoi cells exhibit dixeigent capacities for differentiation ind ire asso- 
ciated with a mucinous and caitilaginous matrix The literature relatixe to w noual 
tumors of bursae is reviewed Excellent photomierognphs illustrate the report — Grunt- 
l< y IF Taylor, 1/ D , Bos' on, Massachusetts 
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Contribution to the Pathogenesis of Multiple Hereditary Osteochondroma- 
tosis. Sheldon A. Jacobson. The American Journal of Cancer , XXXIX, 220, June 
1940. 

Experimental evidence based on histological studies of bone formation in dogs is 
presented to demonstrate that wherever cartilage and bone, however formed, are growing 
together, a mutual polarity may result. By virtue of this polarity an epiphysis-like struc- 
ture is produced. This, if true, would adequately explain the epiphysis-like architecture 
of cartilaginous exostoses. Three dogs were employed in the experiments. In one in- 
stance a fracture was produced through the tibia, and histological studies were made on 
the thirty-second day. In the other two instances, bladder mucosa was implanted in 
the rectus muscle to stimulate bone formation. 

Photomicrographs are presented, which in part bear out the author’s contention that 
an epiphysis-like arrangement of cartilage and bone occurs. — Grantley W. Taylor, MD., 
Boston, Massachusetts. 


The Scalenus Anticus Syndrome with and without Cervical Rib. Joseph Donald 

and Benjamin F. Morton. Annals of Surgery, CXI, 709, May 1940. 

The authors present an analysis of twenty-one cases of scalenus anticus syndrome 
observed by them in the past two years. Sixteen of these twenty-one patients have been 
operated on by scaleniotomy, of whom fourteen were completely relieved and two par- 
tially; the other five are awaiting operation. 

The age of these patients ranged from fifteen to fifty-four with an average of thirty- 
seven years. Females predominated over males. There were nine left-sided cases, eight 
right-sided, and three bilateral. 

Histories revealed that excessive or unusual use of the involved extremity preceding 
the onset of symptoms occurred in eight cases; five cases were servants who used the arm 
for sweeping or washing. One case developed immediately after a direct trauma, and 
two after general anaesthesias during which the shoulder posture was faulty. 

The symptoms varied in duration from six weeks to eleven years, half of them exist- 
ing for less than six months. The outstanding symptoms and physical findings weie 
pain, numbness, tenderness over the scalenus anticus, muscle weakness, and occasional!.' 
atrophy. Many cases showed changes in tendon reflexes and sensation. Vascular find- 
ings of decreased blood pressure, bruits, and, in severe cases, gangrene were frequently 
present. Only four had cervical ribs, but the symptoms were more extreme in these 
cases. A chart summarizing the twenty-one cases is given. 

The authors conclude that scaleniotomy is the treatment of choice in scalenus 
anticus syndrome when conservative treatment is inadequate to give relief; the symptoms 
are produced by inherent anatomic variations in the shoulder girdle, such as low origin o 
brachial plexus, etc. ; and the precipitating conditions are trauma, occupational strain, o 


improper posture. — Frank Kugler, M.D., Iowa City, Iowa. 


The Cervicobrachial Syndrome. A Discussion of the Etiology with Repoi 
Twenty Cases. Kenneth H. Aynesworth. Annals of Surgery, CXI, 724, May ^ 
The author proposes that the term “cervicobrachial syndrome” be applied to t io~e 
cases usually 7 called scalenus anticus syndrome. He believes the suggested nomenc a i 
to be better, because the characteristic symptoms and signs are produced not a 0I *® 
abnormal function of the scalenus anticus muscle but by various other structures, 
example, cervical rib, normal first thoracic rib, clavicle, cervical nerve trunks, =u ic J'i- 
artery, and sympathetic and vasomotor nerves. __ jj. 

He groups the symptoms into three categories: (1) neurological symptom.-, 11 
ness, pain, paralysis and loss of function; (2) vascular symptoms, moderate P^j 
oedema, swelling, obstruction of blood flow with thrombosis and aneurysm forma m 
(3) a combination of neurological and vascular symptoms. 
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In the literature many diverse theories have been produced to explain the etiology 
of this condition. The author lists and discusses these and favors trauma as the most 
important contributing element. 

Twenty cases are reported, in 80 per cent, of which trauma was present. Twelve 
patients were treated by section of the scalenus anticus, and all were relieved. — Frank 
Kuglcr, 31. D., Iowa City, Iowa. 


Semilunar Cartilages. Frank P. Strickler. Annals of Surgery, CXI, 892, May 1940. 

The author describes the mechanism of injury to the internal semilunar cartilage. 
He points out that in about one-third of the cases, cartilage injury is not associated with 
locking of the knee joint. 

He has devised several instruments to reduce the surgical trauma. These consist 
of angulated hooks for grasping the cartilage, a right-angle knife for cutting the cartilage, 
angulated scissors, and two sets of retractors. 

He describes his surgical technique, and lays stress on the postoperative treatment. 
He does not believe in immobilizing the knee, but applies a compression dressing, places 
the knee slightly flexed on a pillow, and uses ice packs and small amounts of opiates to 
control pain. 

In one or two days after the operation his patients walk with one crutch. He be- 
lieves that early walking and weight-bearing prevent adhesions, diminish muscle atrophy, 
and shorten convalescence. His patients are back at work in four or five weeks. — 0. B. 
Bolibaugh, M.D., San Francisco, California. 


Leg Amputations in Diabetic Gangrene. Saul S. Samuels. Annals of Surgery, CXII, 

105, July 1940. 

The author states that there are two major indications for amputation in diabetic 
gangrene: (1) rapidly spreading gangrene with no signs of healing or formation of a line of 
demarcation, and (2) uncontrollable infection of the foot. All of these cases have 
inadequate arterial circulation. 

The author claims that teaching in the past has been to the effect that closed ampu- 
tation in these cases is dangerous, because of the likelihood that the infection would 
spread throughout the body and into the thigh; therefore, guillotine or modified guillo- 
tine amputations should be done. (The reviewer does not believe this teaching has been 
universal.) The author states that the mortality in this type of procedure has been as 
high as 75 per cent, in some hospitals. He goes on to state that the fear of infection is 
groundless, and, if a simple procedure is carried out and proper postoperative care is 
given, the mortality will be low. He also advocates simplification of the preoperative 
treatment. If the patient is not dehydrated, transfusions and intravenous injections of 
glucose and saline with insulin coverage are not necessary. If infection is present, it 
will be difficult or impossible to bring the blood sugar down within normal limits, and de- 
lay may be disastrous. Immediate operation should be performed regardless of the 
diabetic status. 

Cyclopropane is the best anaesthetic. If this is not available nitrous oxide should 
be used. The use of spinal anaesthetics is not advisable. 

He describes the method of amputation in detail, including the method of draping. 
No tourniquet is used. A circular incision is made at the level of the upper border of the 
patella, at which level the muscles are also cut. Vessels are clamped as they are cut. 
The sciatic nerve is not injected with alcohol. The femur is sawed through two inches 
proximal to the level of the skin incision. Vessels are ligated with silk, which is also used 
to close the muscles and skin. Xo drains are used. 

The patient may be allowed out of bed on the day following the amputation, and may 
be in a wheel chair every day thereafter. On the sixth or seventh day sutures are re- 
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moved, and the patient may go home one to four days later. Postoperative care of 
diabetics is the same as before. 

In thirty-three amputations performed by the author the mortality was 9 per cent. 
The author describes a similar technique for amputations below the' knee. — 0. B. 
Bolibaugh, M . D., San Francisco, California. 


Fracture of the Capitellum. Report of a Case Successfully Treated by Closed 
Reduction. Edward F. McLaughlin. Annals of Surgery, CXII, 122, July 1940. 
The author reports a case of fracture of the capitellum successfully reduced by closed 
manipulation. He describes the method of reduction as follows: Strong traction was 
placed on the forearm with the elbow in complete extension, and firm pressure over the 
anteriorly displaced capitellum, the elbow was then brought up quickly into acute 
flexion at which time the fragment slipped into its proper location. With supervised 
early active motion and massage, full motion was obtained in about three weeks. A later 
roentgenogram showed complete healing. 

In the literature reviewed, most writers recommended removal of the fragment or 
open reduction with mechanical fixation. The author of this paper believes that closed 
reduction with early motion is the method of choice. — 0. B. Bolibaugh, M.D., San Fran- 
cisco, California. 


Cyst of the Semilunar Cartilage. DeForest P. Willard and Jesse T. Nicholson. 

Annals of Surgery, CXII, 305, Aug. 1940. 

The authors report the case of a girl, eleven years old, with a cyst of the internal 
semilunar cartilage. 

They discuss the etiology and pathology. A review of the literature reveals that 200 
eases were reported prior to 1939, only thirty cases of which involved the internal semi- 
lunar cartilage. 

The authors do not believe that trauma plays an important part in the etiology. 
The microscopic detection of villi, and an endothelial lining would strongly indicate that 
these cysts result from a developmental fault. — O. B. Bolibaugh, M.D., San Francisco, 
California. 


After-Care of Fractures with Special Reference to Delayed Union and Sudeck. s 

Atrophy. Henry H. Jordan. Archives of Physical Therapy, XXI, 25, Jan. 1940. 

Thirty-eight years after his original article, in which he described the acute hone 

atrophy with its typical roentgenographic appearance, Paul Sudeck, as a result of An- 
ther histological and experimental findings, now believes that the original atrophy namei 
after him is not an atrophy at all and not a pathological condition. It should be ca « 
“acute collateral transformation”. 

While Sudeck considers that the acute collateral bone transformation foilin' mg 
fractures, or any injury of sufficient strength, is a regular physiological reaction, is not 
pathological, and does not require treatment, the author is convinced from his climca 
experience that the mottled appearance in the roentgenograms, evident in only a moi ei 
ate proportion of his cases, indicates an unfortunate disturbance in the healing pioce.-. 
Regardless of the condition of the original lesion, acute collateral bone tranofoinia ion 
is almost invariably accompanied by pain and disability on weight-bearing, and con n ’^ 
as long as the roentgenograms show signs of decalcification. Clinically, the appear.! 
of these symptoms indicates that treatment is required. . 

The writer believes that weight-bearing with adequate walking, and othei *j xcl 

in an unpadded cast, plus support and more support, is the most effective met m< <> ^ 

ing this condition. He questions the advisability of local stimulation bj phvsiot leiai 

C. D. Moffalt, M.D., Iowa City, /"«"• 
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The Identity of Myotonia Congenita (Thomsen’s Disease), Dystrophia Myo- 
tonica (Myotonia Atrophica) and Paramyotonia. Otto Maas and A. S. Pater- 
son. Brain, LXII, 19S, 1939. 

These authors traced the conception of the syndrome of myotonia congenita in the 
literature and examined in detail all those characteristics of the disease which other 
authors have tried to distinguish from myotonia atrophica. The authors point out that 
all the cases of myotonia congenita that have been followed over the years have shown 
changes in the musculature and endocrine disturbances which earmark dystrophia 
mvotonica. 

The authors also point out that in cases of paramyotonia, a symptom complex of 
myotonia, which occurs in cold weather, will reveal that other members of the family 
have dystrophia myotonica. This disease may be just a variant of the original myotonia 
congenita. — L. A. Russia, M.D., Iowa City, Iowa. 


Dislocation of the Inferior Radio-Ulnar Joint as a Complication of Fracture 

of the Radius. Geoffrey Hyman and F. R. R. Martin. British Journal of Surgery, 
XXVII, 481, Jan. 1940. 

Ten cases of dislocation of the inferior radio-ulnar joint are described in detail, and 
fifteen others are discussed briefly. The following classification is made: 

“Group 1 . — Anterior dislocation of the head of the ulna as a component of a severe 
Colies’s fracture. 

Group II . — Posterior dislocation of the head of the ulna associated with: (a) fracture 
of the shaft of the radius (6 cases); (6) fracture of the lower inch of the radius (2 cases). 

Group III . — Anterior dislocation of the head of the ulna with fracture of the shaft 
of the radius (2 cases).” 

The treatment is not difficult and can usually be accomplished without open opera- 
tion. The prognosis for complete recovery is excellent . — Ernest M. Daland, M.D., 
Boston, Massachusetts. 


The Aetiology of Hallux Rigidus. E. A. Jack. British Journal of Surgery, 

XXVII, 492, Jan. 1940. 

In the group of cases studied, this condition was found to precede or to accompany 
the earlj' stages of pes planus. There was usually evidence of an incompetent first 
metatarsal segment. 

The mechanism by which this defect may be responsible for both conditions is 
suggested, and this theory is supported by pathological findings . — Ernest M. Daland, 
M.D., Boston, Massachusetts. 


A Further Review of the Interinnomino- Abdominal Operation: Eleven Personal 
Cases. Gordon Gordon-Taylor. British Journal of Surgery, XXVII, 643, Apr. 1940. 
The writer reviews five cases previously reported and adds six more cases of hind- 
quarter amputation for sarcoma. New points in technique are mentioned. Death 
followed operation in four out of eleven cases. Three patients have remained free from 
disease for eleven, five, and three years respectively. In two, there was recurrence within 
a year, and in one at the end of five years. The other is a recent case . — Ernest M. Daland, 
M.D., Boston, Massachusetts. 


Colles’s Fracture. J. H. Mayer. British Journalof Surgery, XXVII, G29, Apr. 1940. 

“1. The results of Colles’s fractures treated by present methods are extremely dis- 
appointing, redisplacement being exceedingly common even after perfect reduction. 

2. An essential part of the displacement in most cases is a rotation of the loner 
radial fragment into supination, but this usually passes unrecognized. 
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3. The radiological appearances of such a ‘supination-twist’ are characteristic, 
and have been enumerated by X-raying experimental fractures in dissected speci- 
mens. 

4. The triangular fibrocartilage of the inferior radio-ulnar joint plays a vital part 
in the mechanism of the fracture, and the inferior radio-ulnar joint is probably damaged 
in the majority of cases. Such damage may be recognized radiologically, and its proper 
repair must receive due attention. 

5. Splintage in full pronation, with the flexed elbow included in the plaster - , has 
proved to be the method of choice as a guard against redisplacement in all cases with a 
supination-twist and in all with damaged inferior radio-ulnar joints, with the single 
exception of those with a fracture of the neck of the ulna. 

6. The anatomical and functional results in a short series so treated are con- 
siderably better than in a consecutive series treated by other methods, and it is hoped that 
this method will be afforded a more extensive trial .” — Ernest M. Baland, M.D., Boston, 
Massachusetts. 


A New Conception of Parathyroid Function and Its Clinical Application. A 

Preliminary - Report on the Results of Treatment of Generalized Fibro- 
cystic and Allied Bone Diseases and of Rheumatoid Arthritis by Aluminum 

Acetate. Arthur J. Helfet. British Journal of Surgery, XXVII, 651, Apr. 1940. 

The theory is advanced that parathormone exerts its primary effect on the phos- 
phorus metabolism, and that treatment should be based on the control of the phosphorus 
intake. 

A new classification of hyperparathyroidism is offered: 

1. Primary hyperparathyroidism due to an adenoma, with fibrocystic disease, high 
blood calcium, and a low blood phosphorus; 

2. Secondary hyperparathyroidism — 

a. Simple, compensatoiy, or physiological with normal blood chemistry and 
either normal or hyperplastic tissue in the gland; 

b. Pathological, where an adenoma has been superimposed on one of the condi- 
tions in the previous group (2, a). This is clinically similar to primary 
hyperparathyroidism (1) but reverts to the simpler type (2, a) after iemoval 
of the adenoma. 

A method of lowering the phosphorus intake consists in feeding a soluble salt of 
aluminum, — aluminum acetate. The dosage and methods of administration aie dis- 
cussed. A pint of milk is also given daily. The same treatment has been used m 
rheumatoid arthritis on the supposition that this is a type of hyperpa ra tl >y roi d ism . 

Case reports of four cases of generalized osteitis fibrosa cystica and nine of rheuma 
toid arthritis treated in this way are given. The results seem to be very satisfactory • 

Ernest M. Daland, M.D., Boston, Massachusetts. 


Osteo- Arthritis of the Hip. L. W. Plewes. British Journal of Surgery, XXVII, 

Apr. 1940. 

A study has been made of 242 cases of osteo-arthritis of the hip. 1 he most common 
causes were injury - , slipped epiphysis, and arthrokatadysis. . 

Treatment is at first conservative and includes rest, and physiotherapy . 
recently - , deep x-ray - therapy has been used with encouraging results. Operative r 1 
meat on those failing to improve with conservative measures consists in recons rue 
operations, excision of the head and neck of the femur, and arthrodesis.— eiics 
Daland, M.D., Boston, Massachusetts. 


Lai caso de sindroma de Sudeck-Leriche curado pela acetylcholine (- 
Sudeck-Leriche Syndrome Healed by Acetylcholine). F. de Monies. 
de la Sociiie Beige d'Orthopedie, XI, Xo. 6, July-Aug., 1939. osteo- 

A case of the symdrome of Sudeck-Leriche or acute painful posttrauma j jV 

porosis, is presented in which the paradox sympathectomy of Leiiehe re P 
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simple medical treatment, principally injections of acetylcholine. The patient was a 
woman sixty years of age, who had a distortion of the left foot. Hot ah- and hot baths, 
as well as daily injections of 0.10 grams of acetylcholine were prescribed. After the 
third injection the pain had almost disappeared, and the patient was able to walk with 
a cane. There was a recurrence of the condition and the patient was again treated by 
the injection of 0. 10 grams of acetylcholine three times a week. After the eighth injection 
the clinical signs had disappeared. The case presented is typical of posttraumatic 
osteoporosis and similar cases have been reported by Leriche, Jung, and many others. 
It seems certain that a novocaine infiltration of the injured ligaments immediately after 
the accident might have prevented the development of the acute phases of the 
traumatism. 

The author concludes that in the presence of Sudeck-Leriche’s syndrome, acetyl- 
choline, hot air and hot baths should be tried before sympathectomy; that the reaction 
of this liyperaemic therapeutic drug is rapid; and that in case the patient does not respond, 
the sympathectomy of Leriche is indicated. 

Before considering the cure definite and complete, it is necessary to show in the 
x-ray picture that there is recalcification, although the latter never retains normal 
intensity. — Arthur Steindler, M.D., Iowa City, Iowa. 


Amputation Through the Lower Third of the Femur: A Modified Technique. 

Clarence E. Rees. California and Western Medicine, LIII, 64, Aug. 1940. 

A simplified technique is outlined for low amputation of the femur. A circular 
skin incision is made with the patient in the prone position. The surgeon can thus obtain 
better accessibility to vessels and nerves, and can secure an excellent flap of tendons, 
muscles, and fascia with a minimum of trauma and the preservation of the maximum 
blood supply. A single silk suture is passed through the tendons and tied over the end 
of the femur. The author reports excellent results from this simplified and rapid 
technique. — Charles Lyle Hawk, M.D., Los Angeles, California. 


The Corrosion of Metals in Tissues; And An Introduction to Tantalum. George 

L. Burke. The Canadian Medical Association Journal, XLIII, 125, 1940. 

In this article, Dr. Burke discusses the question of the corrosion of metals in tissues 
and the disadvantages of many of the alloys, and tells of the results of his experiments 
with the use of tantalum. He gives the mechanical properties of tantalum and the analy- 
sis of its composition, and states that it is comparable to steel in strength and work- 
ability; that unannealed its tensile strength is comparable to that of cold rolled steel, and 
that, annealed, it is as strong as annealed steel. Tantalum can also be drawn into wire, 
machined, and variously shaped. The author reports the successful results he has ob- 
tained with this metal, notably as suture material. 


Lipoid Granulomatosis of the Bones Without Symptoms of Schuller-Christian 

Disease. I. Snapper. Chinese Medical Journal, LVI, 303, 1939. 

The author gives a short discussion of Schtiller-Christian disease in which are found 
the characteristics of multiple defect in skull, exophthalmos, diabetes insipidus, and pitui- 
tary disturbance. 

The author presents three cases with cystic degeneration of various bones in which 
the calcium, phosphorus, and phosphatase were normal. Each patient had a fracture 
through the affected zone. There was very slight rise in cholesterol. Xo exophthalmos, 
diabetes insipidus, or skull localizations were found. Biopsy through regions of rela- 
tively fresh lesions showed xanthoma cells. In one case biopsy was performed three 
times. — G. Miyakawa, M.D., Iowa City, Iowa. 
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Beobachtengen an der Kniegelenkkapsel mittels positiver Kontrastfullung 

end Rontgenderchleechteng (Observation of the Knee Joint Capsule by the 

Injection of Contrast Material and X-ray). H. R. Paas. Deutsche Zeitschrift fur 

Chirurgie, CCLII, 478, 1939. 

The author describes a method of observation of the knee joint by the injection of a 
contrast material known as “Abrodil” 20 per cent, and “Perabrodil” 35 per cent. Ex- 
perimental work was done on dogs. Some of his observations and conclusions may be 
summed up as follows: 

The resorption time of the material depends on the age of the patient and the condi- 
tion of the joint. The faster the resorption, the more acute the inflammation of the joint 
capsule. As to the_ physiological state of the joint the examination should show: 

1. The tension and space of the joint depending on the position of the joint during 
the examination. In extension the anterior part of the capsule is in lower tension, and in 
flexion the posterior part is in lower tension. 

2. In a normal state, the capsular apparatus has very marked elasticity, but 
forceful stretching is not without consequence if applied continuously. 

3. In advanced age, and after a long period of non-weight-bearing, there is a 
structural shortening of the capsule which takes place with loss of elasticity. 

The changes mentioned are due to pathological changes of the joint and thus give a 
complete picture pointing to the lesion. The injected material depends on several 
conditions. Non-weight-bearing as well as advanced age diminish the ability of the 
capsule to resorb those materials. Active and passive motion, as well as acute inflam- 
matory processes, increases resorption. — T. J. Grete?nan, 31. D., Iowa City, Iowa. 


The Pathological Significance of Intka-Articelar Pressure. Ernst Freund. 

Edinburgh Medical Journal, XL VII, 192, Mar. 1940. 

Under certain pathological conditions such as intra-articular hemorrhage and effu- 
sions, the intra-articular pressure, which in the normal joint is negative and amounts to 
from minus 60 to minus 70 millimeters of water, may increase to a positive pressure up to 
plus 70 millimeters of water. There may result under such conditions, cystlike excava- 
tions invading the epiphysis from the joint, and also a dislocation of the joint contents 
under the action of weight-bearing and muscular strain. Most severe lesions occur m 
haemophilia arthritis with destruction of the whole epiphysis. In other forms of arthritis, 
such as rheumatoid, syphilis, and Charcot’s disease, remarkable changes are also en- 
countered. Various types of herniae are described, from a single flasklike excavation v i 1 
a small opening, to multiple deep cavities, resulting from pressure of long duration. The 
cells and fibers Of the connective tissue of the underlying bone marrow become distendc 
in concentric arrangement with the formation of a capsule. With progression of the 
herniation, the pressure may be transmitted to adjacent tissues. The bone trabeculae in 
the way are absorbed by osteoclasts and the cartilage by chondroclasts. The zone o 
provisional ossification of cartilage not supported by bone, is broken into pieces visi > e 
microscopic examination. If the pressure acts on the side of the bone normally not cov 
ered by cartilage, a bay undermining the cartilage results. Here, while absorption is 
proceeding in the outer layers, there is deposition of new bone on the inner sur a 
Where the cortex is atrophic, and gaps in the continuity of the bone allow hernial 
tion, periosteal layers of the synovial membrane may furnish the material for the C ^P S 
of the hernia. Contents of the cavity vary from the hematoma in haemophilia o ‘ 
fibrinoid masses in rheumatoid arthritis. Pieces of detached cartilage ant necro . 
bone, intermingled with cells, blood, and detritus derived from the joint cavitj , arc a 

The course depends upon the balance between the injuring agent and the resis ^^* 
of adjacent bone tissue. It may go on to extensive destruction or may undergo re 

tive changes. . . r, >i n in diag- 

The clinical significance of the findings are: (1) Knowledge of lesions is a t J 
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nosis; (2) increased intra-articular pressure impairs nutrition of the joint structures, 
especially cartilage; and (3) increased intra-articular pressure produces symptoms dis- 
tinguishable by ordinary examination. 

Treatment should be by prophylaxis; removal of fluid by puncture, drugs, physio- 
therapy, and dietetics; immobilization; and non-weight-bearing. — J. Y. Sher, M.D., 
Iowa City, Iowa. 


High Ligation of the Femoral Vein in Amputations of the Lower Extremities. 

A Preliminary Report Based on Twenty-Eight Amputations of the Thigh. 

J. Ross Veal. The Journal of the American Medical Association, CX1V, 1616, 

April 27, 1940. 

The mortality rate for amputation of the lower extremity is high and out of propor- 
tion to other operative procedures. 

The author reviewed 171 cases of amputation and found the mortality to be 39.1 
per cent.; the majority of deaths were due to pulmonary complications. 

Following a study of the anatomy of the leg in relation to blood supply and of the 
autopsy findings in patients who have submitted to amputation, the author believes 
these pulmonary complications can be explained on the basis of embolic phenomena. 
He found the femoral vein to be devoid of tributaries up to the deep profunda in many 
specimens examined. This resulted in thrombosis up to the deep profunda and some 
extension of the thrombus into the junction of these two vessels, all of which is conducive 
to the formation of the emboli. 

For this reason the author advises high ligation of the femoral vein just distal to 
the saphenofemoral junction. Amputations in twenty-eight consecutive cases with low 
mortality bear out the above theory. — IV. C. Peterson, M.D., Dallas, Texas. 


Paget's Quiet Necrosis. J. C. R. Hindenach. The Lancet, II, 20, 1939. 

There is much confusion among modern authors as to the term “Paget’s quiet 
necrosis”. In order to clear this, the writer has quoted the original work of Paget, includ- 
ing his case report in which he describes the process as one of local necrosis and seques- 
trum formation in the superficial layers of the shaft of a long bone. The lesion is chronic 
from the beginning, and affects mainly young adults. There is a minimal amount of 
suppuration surrounding the sequestrum, and sinuses are not formed. It is probably the 
result of a chronic osteitis due to a rather non-virulent staphylococcus. 

The writer quotes descriptions from four modern textbooks of surgery, which show 
the disagreement between them . — Frank Kugler, M.D., Iowa City, Iowa. 


Toxoid Treatment of Recurrent Infection After Staphylococcal Osteo.my- 
elitis. F. C. 0. Valentine and E. C. B. Butler. The Lancet, I, 914, May 18, 1940. 
The authors studied thirty cases of recurrent staphylococcal infection after osteo- 
myelitis and made an effort to determine the value of a toxoid in maintaining the level of 
immunity and lessening the tendency toward further attacks. They are of the opinion 
that osteomyelitis is usually caused by potent leukocidin-producing strains of staphylo- 
coccus and they, therefore, think that it is important to use a toxoid containing a potent 
leukocidal factor. They found that antitoxins in the serum of patients with recurrent 
staphylococcal infection were seldom high and often within normal limits. They point 
out that treatment by toxoid injections may sometimes sensitize the tissues, and so 
precipitate an eruption of a latent focus, but feel that such a focus would probably have 
become active at some later date when immunity was low. The authors state that it is 
reasonable to hope that the toxoid will make recurrence less likely and, if it comes, le.vs 
severe . — Lenox D. Baker, M.D., Durham, North Carolina. 
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Treatment of Fractures of Upper Third of Shaft of Femur. J. R. Armstrong. 

The Lancet, I, 957, May 25, 1940. 

The author points out that the typical deformity of these fractures — flexion, and ab- 
duction of the upper fragment — is caused by the action of the psoas and short muscles 
inserted on the greater trochanter, while the posterior, inward, and upward displacement 
of the lower fragment is due to the action of the hamstring and adductor muscles. He 
condemns the use of the Braun-Bohler frame in this fracture because it does not allow 
more than 30 degrees of flexion at the hip, which, as the flexion deformity of the proximal 
fragment is usually about 50 degrees, is insufficient. He advocates the use of a Thomas 
splint with a bent-knee attachment slung from a Souttar’s modification of a Balkan beam 
to procure traction in the long axis of the femur with the hip in any degree of flexion re- 
quired. He stresses the importance of having the ring fit closely around the thigh and 
bear on the posterior surface of the tuberosity of the ischium, in order that the pull of 
countertraction may be transmitted to the pelvis, and not on the femur below the tuber- 
osity, which would increase the flexion deformity of the proximal fragment. The author 
warns against early weight-bearing. His methods of applying traction are described in 
detail, and his paper is well-illustrated . — Lenox D. Baker, M.D., Durham, North Carolina . 


SULPHAMETHYLTHIAZOLE IN EXPERIMENTAL STAPHYLOCOCCAL INFECTIONS. A. MaC- 

donald. The Lancet, I, 1157, June 29, 1940. 

The author points out that the use of sulphanilamide and its derivatives in the 
treatment of staphylococcus aureus infections in man has been disappointing. He stud- 
ied the efficacy of sulphamethylthiazole in staphylococcus infections in mice. From his 
experiments with 200 mice, he concluded that both sulphamethylthiazole and sulpha- 
pvridine given by mouth prevented many of the early deaths in experimental staphylo- 
coccus infections in mice but are less efficient after abscesses have begun to form; that none 
of the sulphanilamide drugs is particularly active in the presence of pus; and that the 
experiments with skin abscesses may indicate that sulphamethylthiazole does not com- 
pletely overcome this difficulty . — Lenox D. Baker, M.D., Durham, North Carolina. 


Closed Plaster Treatment of Infected Wounds. G. R. Girdlestone. The Lancet, 

II, 31, July 13, 1940. 

The author points out that the success of the closed plaster method depends on its 
correct application to the individual case. He calls attention to the necessity of proper 
ddbridement, and the proper application of the cast in order that an even, gentle pressure, 
similar to that normally exercised by the fasciae and the skin, is exerted over the exposed 
tissues. He warns against condemning the method because it has failed in the hands o 
surgeons imperfectly familiar with the method. He states, ‘ 1 He who would apply plaster 
in war must be skillful in its use, or he will be a danger to his patients and bring un ■ ue 
discredit on the method; he had far better continue to treat wounds on more famuar 
lines. ... If a wound is to do well it must first be given appropriate operative treatmen . 
after this the progress of the wound and the comfort of the patient depend on the fit an 
inner smoothness of the plaster .” — Lenox D. Baker, M.D., Durham, North Carolina. 


The Classification of Reprints of Articles in an Orthopaedic Libraiu. 1 
Pappworth. The Liverpool Medico-Chirurgical Journal, XL VI, Part H, 14 , • 

In this article Mr. Pappworth describes the system which he devised for me m 
Hugh Owen Thomas and Robert Jones Memorial Library at the Liverpool ^ e ica 
stitution, in which there are an extremely large number of books and reprints. ^ 
The author discusses the defects and difficulties met with in the various sjs ^ 
classification now in use, and the need of some method which not only the library , ^ 

surgeon may follow in filing literature in order to allow easy reference a any 
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He states that the system of the British Orthopaedic Association is too broad in its group- 
ing and that it is one of diseases only, and, therefore, does not allow in the classification 
other conditions which it is necessary to include. 

Mr. Pappworth’s system, with certain additions, is based on diseases with groupings 
and subgroupings arranged, as he says, in the order which he would use if he were writing 
a textbook on orthopaedic surgery. He then gives his classification, including the main 
and the subgroups and the contents of each. The simplicity of the system will appeal 
to the physician, as will the means advocated for adding subjects not classified under 
disease. 

This method of classification should be of use to the orthopaedic surgeon, and the 
system is applicable to any department of medicine or surgery. Those interested in the 
difficult problem of filing reprints should certainly consult this article. 


Debridement. M. R. Charlton. The Military Surgeon, LXXXV, 129, 1939. 

Early in the World War the only patients operated upon were those with 
hemorrhage, severe wounds needing amputation, wounds of the skull and viscera, and 
those of long standing with fully developed infection. Other wounds were treated 
expectantly, that is, were expected to become infected — and they did. The results were 
bad in regard to mortality, permanent disability, and prolonged hospital care. In de- 
bridement, which began in the War in 1914, the tract is first mapped out; healthy tissue 
cut with anatomical sharp dissection; and devitalized tissue, foreign bodies, and muscle, 
which is infiltrated with blood and does not contract when pinched with forceps, removed. 
Bone fragments are removed freely in compound fractures. The wounds are packed with 
gauze and most of them left open. The author believes that even well-trained civilian 
surgeons find difficulty with military debridement, the evacuation-hospital operation. 
He gives the contra-indications and indications for debridement as follows: 

1. Clean, perforating wounds of soft parts, by rifle or machine gun bullet, not in- 
volving nerves, blood vessels, or bone do not need debridement. 

2. No debridement is usually required for compound fractures by perforating 
bullets unless there is extreme comminution. 

3. Superficial gutter wounds not involving muscles may be treated conservatively. 

4. All obviously infected or badly lacerated wounds, those with foreign bodies, or 
involving blood vessels, nerves, or bone, and all wounds of the skull and contents require 
immediate operation. 

5. All perforating or penetrating wounds of the abdomen need debridement. 

6. Continued hemorrhage is the criterion for operation in chest wounds. 

7. Wounds from high explosives need rigorous treatment, as shell fragments cause 
damage out of proportion to their size . — Samuel Levine, M.D., Iowa City, Iowa. 


Artificial Limbs. A. Steindler. The Military Surgeon, LXXXVI, 560, June 1940. 

The writer describes the historical development of the artificial limb. He mentions 
the increasing use of these prostheses in the modern day, due to war and civil injuries. 
In the United States the annual demand is now 22,500. 

General principles of amputation are discussed, including sites of amputation, pre- 
vention of contractures, rules for after-treatment, and types of bearing points. In con- 
clusion, materials and methods of construction of prostheses are given . — Frank Kugler, 
M.D., Iowa City, Iowa. 


March Foot. Henry W. Meyerding and George A. Pollock. The Military Surgeon, 
LXXXVI, 593, June 1940. 

These writers describe the symptoms, physical findings, roentgenograms, and treat- 
ment of march foot. They believe that overloading a foot already weakened functionally 
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and anatomically, is the most plausible theory of causation. The condition occurs during 
long marches when the foot is excessively fatigued. They describe the hair-line character 
of the fracture seen in the roentgenogram, and caution against overlooking it. When 
seen late, the lesion may resemble a tumor in the roentgenogram, and then a biopsy is 
required for diagnosis. Immobilization in plaster is the treatment recommended. — 

Frank Kngler, M.D., Iowa City, Iowa. 


Die Deutung des Kahnsbeinspaltes im Wandel der Zeiten (Changing Interpre- 
tation of the Scaphoid Fissure). Fritz Reckling. Beihefte zur Monalsschrift fur 
Unfallheilkunde und Versichermigsmedizin, Hefte 29, 1940. 

The author reviews the various theories which have been advanced to explain the 
appearance of the fissure in the caipal scaphoid. This condition was first seen and de- 
scribed in 1865 by Gruber who considered the bipartite scaphoid to be a developmental 
arrest. Pfitzner considered it a reversion to an old condition of separation between the 
“ulnar scaphoid” and the “radial scaphoid”. Still others are inclined to consider the 
bipartite condition as a pseudarthrosis, resulting from injury. 

A lengthy discussion of the relative merits of each theory, with references for and 
against each, is presented. A critique of diagnostic procedures is suggested, but at the 
end the question still remains unanswered. — Henry Milch, M.D., New York, N. Y. 


COXTRIBUTO ALLA TERAPIA DELLA OSTEODISTROFIA FIBROSA CIRCOSCRITTA (Contribution 

to the Treatment of Localized Osteitis Fibrosa Cystica). R. Memmi. Ortopedia e 

Iraumatologia dell’ apparato motore, XI, 1, 1939. 

The author reports twenty cases of the localized type of osteitis fibrosa cystica which 
obviously is divorced entirely from the generalized form. The condition was brought 
to light by a pathological fracture. He has seen cases with only partial healing of the 
lesion after the initial fracture, have complete healing after a second fracture occurred. 
After a fracture, the fibrous tissue ossifies by metaplasia in a manner analogous to the 
healing of fractures by callus. The healing after fracture was observed to last from 
three to six years. In two cases a progression of the lesion, instead of healing, took place. 
The author’s observations disagree with those of Tavernier who feels that fracture has 
no favorable influence on localized osteitis fibrosa cystica. If fracture does not aid heal- 
ing in such cases, the author feels that in spite of roentgenographic indications the 
histology of the lesion may be quite different from a localized osteitis fibrosa cystica- 
He states that, of course, giant-cell tumors are quite different, and are not benefited > 


a pathological fracture. . 

There seems to be no unanimity of opinion regarding treatment. The genera 
tendency is toward open operation, though spontaneous healing has occurred on rare 
occasions. Geschickter and Copeland recently advocated fracturing the bone to pi° ucc 
healing, but the author argued that there was no point in scraping out these cavi les 
which contain osteogenetic tissue. He, therefore, employed multiple perforations in o 
the tumor. Perforations repeated after thirty to forty days gave clinical proo o 
improvement by the increased resistance of the tissue. , 

He obtained complete healing by this method in five cases, three of which ia ^ ice^ 
treated unsuccessfully by curettage, bone graft, parathyroidectomy, and pae ^ 

chalk and iodoform, and feels that perforation of the cyst may become the me m 
choice in treating this lesion. — .4. W. Ciani, M.D., Iowa City, Iowa. 


La cura cuirurgica della tubercolosi di spalla (The Surgical 1 reatment . of 'l ' u g 
culosis of the Shoulder). F. Mandruzzato. Ortopedia e traumatologia dell app 

motore, XI, 53, 1939. . i te ; s 0 f 

The author presents the indications and technique for resection ant ar ir 
the tuberculous shoulder. He favors resection wherever possible, and reserves 
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desis for cases which are so benign that resection might be considered too radical, or in 
which, after the disease is quiescent, painful incongruity of the shoulder joint or tension 
on the brachial plexus is present. Extra-articular arthrodesis is employed when there 
is danger of interfering with growth, when it is difficult to remove all the diseased bone, 
or when there is doubt that the quiescent stage has been reached. 

The technique of resection is described. A total synovectomy is performed. A 
groove is made in the greater tuberosity, and the acromion, after its lower half has been 
resected, is imbedded in it. The patient is kept in a shoulder spica for six to eight months, 
and later in a celluloid splint at night. 

For arthrodesis the author follows the technique of Delitala which, together with 
resection of the joint surfaces, may be used for a combined intra-articular and extra- 
articular fusion. 

Of the fifteen cases reported, one-half of which were between the ages of twenty and 
thirty years; seven were resections, five combined intra-articular and extra-articular 
fusions, and three were extra-articular fusions. 

Twelve patients were followed for from two to nine years. All had complete relief 
from pain and, with one exception, complete bony ankylosis. This one patient had no 
pain and a firm fibrous ankylosis which was recognized only in the roentgenogram. All 
patients were able to return to their former work, some doing heavy labor, without 
difficulty. 

Of the other three, two had been operated on too recently to be reported, and one 
had died of miliary tuberculosis in six months. 

The optimum position was 80 degrees abduction with 25 degrees forward flexion. 

In view of the excellent results the author strongly favors the surgical over the 
conservative treatment of the condition. — A. IF. Ciani, M.D., Iowa City, Iowa. 

Results of Closed Reduction of Congenital Dislocation of the Hip. R. Memmi. 

Ortopedia e Iraumatologia dell’apparato motore, XI, Apr. 1939. 

The author reports ninety-eight cases treated by closed reduction and followedforfrom 
two to thirteen years. The Paci-Lorenz manoeuvre was employed and the hips kept in 
the primary position for from two to five months, and in the secondary position one and 
a half to four months, with about three to four weeks in the intermediate position. 

The difference between the two sexes was very marked; eighty-six were females 
and twelve were males. 

Fifty per cent, gave immediate good results, 33.67 per cent, fair, and 16 per cent, 
poor results. A large proportion of the immediate good results, and smaller proportions 
of the fair and poor results were in patients under the age of three years. Of the long- 
range results half were still good, but some of the immediate fair results became poor. 
About 80 per cent, of the patients over the age of five years gave poor results, and the 
author feels that the use of closed reduction is too great a risk in these cases. 

A small group of patients with immediate good results showed a tendency toward 
coxa plana and later had mediocre results; but a small group, under the age of three years, 
with immediate mediocre results, had subchondral lesions which eventually healed, and 
later showed good results. The patients with early mediocre results and later poor 
results were those with a coxa vara or insufficient regeneration of the acetabulum, and 
an incongruity of the head, who were treated after the age of three years. In the patients 
of this group, totalling 10 per cent., redislocations or degenerative arthritis developed. 
The vast majority of cases of coxa valga and coxa plana occurred in patients under three 
years of age, whereas most of the arthritis and coxa vara cases were found in patients 
over that age. 

The results in unilateral cases were 20 per cent, better than in the double dislocations, 
in both the early and long-range statistics. 

The author’s results indicated a direct relation between the severity of the disloca- 
tion and the possibility of a good result. He found that a five-year follow-up Is the 
minimum for an accurate prognosis. 
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His criteria for good results are absence of pain and limp, complete range of hip 
motion in all directions, good morphology of the head and acetabulum, and normal 
relation of the components of the hip joint. A slight flattening of the femoral head is 
permissible if the other requirements are met. Mediocre results are indicated by easy 
fatigability and pain on weight-bearing, a diminution of the range of motion, and 
degenerative changes in the head and acetabulum. In this group, varying degrees of 
coxa plana, underdevelopment or regression of the superior portion of the acetabulum, 
and coxa vara were found. The poor group included redislocations, degenerative 
arthritis resulting from profound morphological skeletal changes incompatible with free 
function, pain, contractures, marked interference with weight-bearing and gait. — 

A. W. Ciani, M.D., Iowa City, Iowa. 


Sgr Onze Observations de Tuberculose Sous-Astragalienne Chez l’Adtjlte 
Jeune (Eleven Cases of Subtalar Tuberculosis in the Young Adult). It. Dubau 
and P. Bolot. La Presse M edic.ale, XLVIII, 519, May 21, 1940. 

Among thirty cases of tuberculosis of the foot, eleven involved the subtalar joint. 
The principles of diagnosis are discussed. Attention is called to the fact that in the pres- 
ence of a subtalar arthritis, a positive sputum is presumptive evidence of the tuberculous 
nature of the disease. The authors point out that the subtalar joint consists of two parts, 
which are completely separated by the tarsal ligament of Farabeuf . The anterior portion 
of the subtalar joint is usually in connection with the midtarsal joint. The posterior 
portion occasionally communicates with the ankle joint, but infection in this joint is 
usually by contiguity. Isolated infection of the posterior part of the joint may occur. 
Isolated infection of the anterior subtalar joint is impossible. The prognosis is good, 
except when the Chopart joint is involved. 

The treatment is of the accepted type. A simple means of fusing the subtalar joint 
by driving a bone graft through both talus and os calcis is illustrated . — Henry Milch, 
M.D., New York, N. Y. 


Hand-Schuller-Christlan Syndrome. P. E. Thompson Hancock. Proceedings, 

Royal Society of Medicine, XXXII, 1386, 1939. 

Case report of a female, age eighteen, with a history of a spontaneous fracture of 
the upper end of the left humerus at the age of three, associated with previous ill health. 
There was generalized lymphadenopathy. Operative procedure disclosed a yellow gela- 
tinous growth at the site of fracture. A bone graft was done. At the age of six years 
two tumors appeared in the skull which were treated with radium. Four years later 
further skull tumors developed in the frontal and parietal regions. Ihese also "ere 
treated with radium. At the age of eleven, there was a spontaneous fracture of t le 
right femur. X-rays at Royal Cancer Hospital in 1934, eleven years after onset, sug 
gested Hand-Schiiller-Christian’s syndrome with areas of rarefaction in the skull an a 
cyst in the neck of the right femur. Blood phosphorus, calcium, and sugar were noi raa . 
Blood cholesterol was 189 milligrams. Patient was given high-voltage therapy. 11 
she developed slight proptosis of both eyes, inequality of pupils, left facial palsy , bi a era 
nerve deafness, and atrophy of the right half of the tongue. Her mental condition "as 
good. There were no symptoms of diabetes insipidus. The family history " as nega ive^ 
On examination there was a flail left arm, torticollis, and marked scoliosis. Patien 
able to walk. — S. Albert , M.D., Iowa City, Iowa. 


Paget’s Disease With Paraplegia. J. St. C. Elkington. Proceedings, Royal Sod J 

of Medicine, XXXII, 1420, 1939. . . . 

Case report of a seventy-year-old man with history of gradually increasing 
of both legs, especially- the right; numbness, beginning in feet and gradual y spre 
to the umbilicus. Increasing constipation and difficulty in voiding " ere no e 
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Examination revealed no obvious bony deformity. There was moderate spasticity 
of both legs with corresponding weakness of flexor muscles, and some wasting of the quad- 
riceps bilaterally. Abdominal reflexes were absent; knee jerks, accentuated, and ank le 
jerks, absent. There was a bilateral Babinski. All forms of cutaneous sensibility were 
diminished in the lower extremities and the lower part of the trunk. X-rays of the skull, 
spine, and pelvis showed the advanced changes of Paget’s disease. 

Of two previous cases of Paget’s disease seen by the author, both of which involved 
the cord, one responded quickly to laminectomy; the other, not at all. — S. Albert, M.D., 
Iowa City, Iowa. 

Synovectomy of the Knee Joint. F. Walter Carruthers. Southern Medical Journal, 
XXXIII, 550, May 1940. 

This is a report of thirty-four synovectomies performed for two cases of chronic 
hypertrophic villous arthritis; four of chronic arthritis; eight of chronic synovitis; and 
fourteen of chronic infectious arthritis. Six were bilateral. Ages ranged from eighteen 
to sixty-nine years. Wounds were closed. No fixation except a simple Buck’s extension 
was used for the first ten days. At the end of six weeks the patients were usually up and 
walking with the aid of a cane or crutches. Heat and light massage were used in the con- 
valescent period. More than ninety-five per cent, of the cases were relieved. End re- 
sults showed: twenty-two very satisfactory, two fair, six improved. Four became 
ankylosed but were relieved of pain . — Fred G. Hodgson, M.D., Atlanta, Georgia. 

The Roentgenologic Bone Manifestations in Certain Generalized Diseases of 
Infants and Children. W. D. Anderson and James G. Hughes. Souf/iem Medi- 
cal Journal, XXXIII, 660, June 1940. 

The material in this article is classified under five headings: (1) congenital anomalies 
which include Albers-Schonberg disease (osteopetrosis or marble bones), osteogenesis 
imperfecta (fragilitas ossium), and chondrodystrophia foetalis (achondroplasia) ; (2) in- 
fections, limited to syphilis; (3) endocrine disturbances; (4) metabolic disturbances which 
include rickets, scurvy, and xanthomatosis (Hand-Schuller-Christian syndrome and 
chronic Gaucher’s disease) ; (5) changes due to chemicals such as lead, phosphorus, bis- 
muth; and (6) anaemias which cover sickle-cell anaemia and erythroblastic anaemia. 

Roentegenograms of the long bones often give helpful hints in the diagnosis of these 
conditions . — Fred G. Hodgson, M.D., Atlanta, Georgia. 

Diagnostico hadiografico del mal de Pott dorsolumbar (The Roentgenographic 
Diagnosis of Dorsolumbar Pott’s Disease). Carlos E. Ottolenghi. Revista de 
Ortopedia y Traumalologia, VIII, 394, 1939. 

In the diagnosis of dorsolumbar Pott's disease, the author emphasizes the following 
points which are all brought out in the roentgenograms: the early appearance of the 
lesion, spondylitic scoliosis, narrowing of the intervertebral disc, herniation of the disc 
into the body of the vertebra, central lesion with collapse, multiple and irregular foci, 
mediastinal abscess, extended destructive lesion with angulation, and diffuse lesions ex- 
tending over several vertebrae. 

For differential diagnosis, dorsolumbar Pott's disease is contrasted with vertebral 
epiphysitis, metastases of diffuse carcinomatosis of the vertebrae, tabetic arthropathies, 
hemivertebrae, and particularly the osteomyelitis and infectious spondylitis with 
osteophytic periosteal reaction. 

In one case of Pott’s disease the author demonstrates the central cavity of the 
vertebral body, which had not changed its normal form and showed only the presence 
of the large carious zone in its interior. In another form the disease is localized in 
the posterior arches. In the roentgenogram this is seen as loss of substance at the level of 
the lamina and pedicle, similar to that observed in cases after a hemilaminectomy. 

His varied material demonstrates the polymorphous character of tuberculosis. 

— Arthur Siciiuller, M.D., loua City, loua. 
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